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WHAT’S NEW! 


DATA SHEETS ADDED 

DATASHEETS DELETED 

MC74HCU04A 

MC54/74HC390A 

MC54/74HC08 

MC54/74HCT541 

MC74HC76 

MC54/74HC393A 

MC54/74HC540 

MC74HC4020 

MC54/74HC86A 

MC54/74HC533A 

MC54/74HCT540 

MC54/74HC4040 

MC54/74HC158 

MC54/74HC541A 

MC54/74HC541 


MC74HC158A 

MC74HCT541A 



MC54/74HCT161A 

MC74HC589A 



MC54/74HCT163A 

MC54/74HC597A 



MC54/74HC164A 

MC54/74HC4016A 



MC54/74HC165A 

MC74HC4020A 



MC54/74HC175A 

MC54/74HC4040A 



MC74HC242 

MC54/74HC4060A 



MC54/74HC259A 

MC74HC4316A 



MC54/74HC354 

MC74HC7266A 




NEW INPUT STRUCTURE 


As part of Motorola’s continuous improvement plan, many of our High-Speed CMOS devices are being redesigned to improve ESD performance. 
To maximize the performance with all test models, machine, human body, and charged device; the poly resistor was removed from all device 
inputs. This requires that the maximum voltage rating be changed from -1.5 V— >Vqq+ 1 .5V to -0.5 V-^Vqq+ 0.5V. The recommended operating 
voltage range remains unchanged at OV to Vqq. Devices with this structure have their changes reflected on their individual data sheets. Additional 
devices will be changed over the next 1-2 years. Motorola’s official “Product Change Notification” procedure will be utilized prior to the release of 
all modified device types. 


9-Wide and Nine-Wide are trademarks of Motorola, Inc. 

All other brand names and product names appearing in this publication are registered trademarks or trademarks of their respective holders. 
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This book presents technical data for the broad line of High-Speed Logic integrated circuits. Complete 
specifications are provided in the form of data sheets. In addition, a comprehensive Function Selector 
Guide and a Design Considerations chapter have been included to familiarize the user with these logic 
circuits. 


Motorola reserves the right to make changes without further notice to any products herein. Motorola makes 
no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, 
nor does Motorola assume any liability arising out of the application or use of any product or circuit, and specifi- 
cally disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” 
parameters can and do vary in different applications. All operating parameters, including “Typicals” must be 
validated for each customer application by customer’s technical experts. Motorola does not convey any 
license under its patent rights nor the rights of others. Motorola products are not designed, intended, or autho- 
rized for use as components in systems intended for surgical implant into the body, or other applications 
intended to support or sustain life, or for any other application in which the failure of the Motorola product could 
create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products 
for any such unintended or unauthorized application. Buyer shall indemnify and hold Motorola and its officers, 
employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and 
expenses, and reasonable attorney fees arising out of, directly or Indirectly, any claim of personal injury or 
death associated with such unintended or unauthorized use, even if such claim alleges that Motorola was 
negligent regarding the design or manufacture of the part. Motorola and @) are registered trademarks of 
Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer. 
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ALPHANUMERIC INDEX 


Device Number Page 

MC54/MC74 Function Number 

MC54/74HC00A Quad 2-Input NAND Gate 3-2 

MC54/74HCT00A Quad 2-Input NAND Gate 3-6 

MC54/74HC02A Quad 2-Input NOR Gate 3-9 

MC74HC03A Quad 2-Input NAND Gate With Open-Drain Outputs 3-12 

MC54/74HC04A Hex Inverter 3-16 

MC74HCT04A Hex Inverter 3-20 

MC74HCU04 Hex Unbuffered Inverter 3-24 

MC74HCU04A Hex Unbuffered Inverter 3-28 

MC54/74HC08A Quad 2-Input AND Gate 3-33 

MC54/74HCT08A Quad 2-Input AND Gate 3-37 

MC74HC1 0 Triple 3-Input NAND Gate 3-40 

MC74HC11 Triple 3-Input AND Gate 3-43 

MC54/74HC14A Hex Schmitt Trigger Inverter 3-46 

MC54/74HCT14A Hex Schmitt Trigger Inverter 3-51 

MC74HC20 Dual 4-Input NAND Gate 3-54 

MC54/74HC27 Triple 3-Input NOR Gate 3-57 

MC74HC30 8-Input NAND Gate 3-60 

MC54/74HC32A Quad 2-Input OR Gate 3-63 

MC54/74HCT32A Quad 2-Input OR Gate 3-67 

MC74HC42 1-of-10 Decoder 3-70 

MC74HC51 2-Wide, 2-lnput/2-Wide, 3-Input AND-NOR Gate 3-74 

MC74HC58 2-Wide, 2-lnput/2-Wide, 3-Input AND-OR Gate 3-77 

MC74HC73 Dual J-K Flip-Flop With Reset 3-80 

MC54/74HC74A Dual D Flip-Flop With Set and Reset 3-84 

MC74HCT74A Dual D Flip-Flop With Set and Reset 3-88 

MC74HC75 Dual 2-Bit Transparent Latch 3-92 

MC74HC76 Dual J-K Flip-Flop With Set and Reset 3-96 

MC74HC85 4-Bit Magnitude Comparator 3-100 

MC54/74HC86 Quad 2-Input Exclusive OR Gate 3-106 

MC54/74HC86A Quad 2-Input Exclusive OR Gate 3-109 

MC74HC107 Dual J-K Flip-Flop With Reset 3-113 

MC74HC1 09 Dual J-K(bar) Flip-Flop With Set and Reset 3-117 

MC74HC1 1 2 Dual J-K Flip-Flop With Set and Reset 3-121 

MC74HC125A Quad With 3-State Outputs Non-Inverting Buffer 3-125 

MC74HC126A Quad With 3-State Outputs Non-Inverting Buffer 3-125 

MC54/74HC132A Quad 2-Input NAND Gate With Schmitt Trigger Inputs 3-129 

MC74HC133 13-Input NAND Gate 3-133 

MC74HC137 1-of-8 Decoder/Demultiplexer With Address Latch 3-136 

MC54/74HC138A 1-of-8 Decoder/Demultiplexer 3-141 

MC74HCT138A 1-of-8 Decoder/Demultiplexer 3-146 

MC54/74HC139A Dual 1-of-4 Decoder/Demultiplexer 3-150 

MC74HC1 47 Decimal-to-BCD Encoder 3-154 

MC74HC151 8-Input Data Selector/Multiplexer 3-158 

MC74HC153 Dual 4-lnput Data Selector/Multiplexer 3-163 

MC54/74HC1 54 1 -of-1 6 Decoder/Demultiplexer 3-167 

MC54/74HC157A Quad 2-Input Data Selector/Multiplexer 3-172 

MC74HCT157A Quad 2-Input Data Selector/Multiplexer 3-176 

MC54/74HC158 Quad 2-Input Data Selector/Multiplexer 3-180 

IVIC74HC158A Quad 2-Input Data Selector/Multiplexer 3-184 

MC54/74HC160 Presettable Counter 3-189 
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Device Number Page 

MC54/MC74 Function Number 

MC54/74HC162 Presettable Counter 3-189 

MC54/74HC161A Presettable Counter 3-200 

MC54/74HC163A Presettable Counter 3-200 

MC54/74HCT161A Presettable Counter 3-211 

MC54/74HCT163A Presettable Counter 3-211 

MC54/74HC164 8-Bit Serial-Input/Parallel-Output Shift Register 3-221 

MC54/74HC164A 8-Bit Serial-Input/Parallel-Output Shift Register 3-226 

MC54/74HC1 65 8-Bit Serial or Parallel-Input/Serial-Output Shift Register 3-232 

MC54/74HC1 65A 8-Bit Serial or Parallel-Input/Serial-Output Shift Register 3-238 

MC74HC173 Quad With 3-State Outputs D Flip-Flop With Common Clock & Reset 3-245 

MC54/74HC1 74A Hex D Flip-Flop With Common Clock & Reset 3-250 

MC74HCT174A Hex D Flip-Flop With Common Clock & Reset 3-254 

MC54/74HC175 Quad D Flip-Flop With Common Clock & Reset 3-258 

MC54/74HC175A Quad D Flip-Flop With Common Clock & Reset 3-263 

MC74HC194 4-Bit Bidirectional Universal Shift Register 3-269 

MC74HC195 4-Bit Universal Shift Register 3-275 

MC74HC237 1-of-8 Decoder/Demultiplexer With Address Latch 3-281 

MC54/74HC240A Octal With 3-State Outputs Inverting Buffer/Line Driver/line Receiver 3-286 

MC74HCT240A Octal With 3-State Outputs Inverting Buffer/Line Driver/line Receiver 3-291 

MC54/74HC241A Octal With 3-State Outputs Non-Inverting Buffer/Line Driver/Line Receiver 3-295 

MC54/74HCT241 A Octal With 3-State Outputs Non-Inverting Buffer/Line Driver/Line Receiver 3-300 

MC74HC242 Quad With 3-State Outputs Inverting Bus Transceiver 3-304 

MC54/74HC244A Octal With 3-State Outputs Non-Inverting Buffer/Line Driver/Line Receiver 3-308 

MC54/74HCT244A Octal With 3-State Outputs Non-Inverting Buffer/Line Driver/Line Receiver 3-312 

MC54/74HC245A Octal With 3-State Outputs Non-Inverting Bus Transceiver 3-316 

MC54/74HCT245A Octal With 3-State Outputs Non-Inverting Bus Transceiver 3-320 

MC54/74HC251 8-Input Data Selector/Multiplexer With 3-State Outputs 3-325 

MC74HC253 Dual 4-Input Data Selector/Multiplexer With 3-State Outputs 3-330 

MC74HC257 Quad 2-Input Data Selector/Multiplexer With 3-State Outputs 3-334 

MC54/74HC259 8-Bit Addressable Latch/1 -of-8 Decoder 3-339 

MC54/74HC259A 8-Bit Addressable Latch/1 -of-8 Decoder 3-344 

MC54/74HC273A Octal D Flip-Flop With Common Clock & Reset 3-350 

MC74HCT273A Octal D Flip-Flop With Common Clock & Reset 3-355 

MC74HC280 9-Bit Odd/Even Parity Generator/Checker 3-359 

MC74HC299 8-Bit Bidirectional Universal Shift Register With parallel I/O 3-364 

MC54/74HC354 8-Input Data Selector/Multiplexer With Data and Address Latches, 3-State Outputs 3-371 

MC54/74HC365 Hex With 3-State Outputs Non-Inverting Buffer With Separate 2-Bit/4-Bit Sections 3-378 

MC54/74HC366 Hex With 3-State Outputs Inverting Buffer With Common Enables 3-382 

MC54/74HC367 Hex With 3-State Outputs Non-Inverting Buffer With Separate 2-Bit and 4-Bit Sections . . 3-386 

MC74HC368 Hex With 3-State Outputs Inverting Buffer With Separate 2-Bit and 4-Bit Sections 3-390 

MC54/74HC373A Octal With 3-State Outputs Non-Inverting Transparent Latch 3-394 

MC54/74HCT373A Octal With 3-State Outputs Non-Inverting Transparent Latch 3-399 

MC54/74HC374A Octal With 3-State Outputs Non-Inverting D Flip-Flop 3-404 

MC54/74HCT374A Octal With 3-State Outputs Non-Inverting D Flip-Flop 3-408 

MC54/74HC390 Dual 4-Stage Binary Ripple Counter W ^ 2 , ^5 Sections 3-412 

MC54/74HC390A Dual 4-Stage Binary Ripple Counter W ^ 2 , -5 Sections 3-418 

MC54/74HC393 Dual 4-Stage Binary Ripple Counter 3-425 

MC54/74HC393A Dual 4-Stage Binary Ripple Counter 3-430 

MC54/74HC533A Octal 3-State Inverting D Flip-Flop 3-436 

MC54/74HC534A Octal With 3-State Outputs Inverting D Flip-Flop 3-441 
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Device Number Page 

MC54/MC74 Function Number 

MC74HC540A Octal With 3-State Outputs Inverting Buffer/Line Driver/Line Receiver ; . 3-445 

MC54/74HC541A Octal With 3-State Outputs Non-Inverting Buffer/Line Driver/Line Receiver 3-449 

MC74HCT541A Octal With 3-State Outputs Non-Inverting Buffer/Line Driver/Line Receiver 3-453 

MC54/74HC563 Octal With 3-State Outputs Inverting Transparent Latch 3-457 

l\/IC74HC564 Octal With 3-State Outputs Inverting D Flip-Flop 3-462 

MC54/74HC573A Octal With 3-State Outputs Non-Inverting Transparent Latch 3-467 

MC74HCT573A Octal With 3-State Outputs Non-Inverting Transparent Latch 3-471 

MC54/74HC574A Octal With 3-State Outputs Non-Inverting D Flip-Flop 3-475 

MC54/74HCT574A Octal With 3-State Outputs Non-Inverting D Flip-Flop 3-479 

MC54/74HC589 8-Bit Serial or Parallel-Input/Serial-Output Shift Register With 3-State Outputs 3-483 

MC54/74HC589A 8-Bit Serial or Parallel-Input/Serial-Output Shift Register With 3-State Outputs 3-491 

MC54/74HC595A 8-Bit Serial-Input/Serial or Parallel-Output Shift Register With Latched 3-State Outputs . . 3-500 

MC54/74HC597 8-Bit Serial or Parallel-Input/Serial-Output Shift Register With Input Latch 3-508 

MC54/74HC597A 8-Bit Serial or Parallel-Input/Serial-Output Shift Register With Input Latch 3-515 

MC54/74HC640A Octal With 3-State Outputs Inverting Bus Transceiver 3-524 

MC54/74HC646 Octal With 3-State Outputs Non-Inverting Bus Transceiver & D Flip-Flop 3-528 

MC54/74HC688 8-Bit Equality Comparator 3-540 

MC74HC4002 Dual 4-Input NOR Gate 3-544 

MC54/74HC4016 Quad Analog Switch/Multiplexer/Demultiplexer 3-547 

MC54/74HC4016A Quad Analog Switch/Multiplexer/Demultiplexer 3-556 

MC74HC401 7 Decade Counter 3-565 

MC74HC4020A 14-Stage Binary Ripple Counter 3-573 

MC74HC4024 7-Stage Binary Ripple Counter 3-579 

MC54/74HC4040A 12-Stage Binary Ripple Counter 3-584 

MC74HC4046A Phase-Locked-Loop With VCO 3-590 

MC54/74HC4049 Hex Inverting Buffer/Logic-Level Down Converter 3-611 

MC54/74HC4050 Hex Non-Inverting Buffer/Logic-Level Down Converter 3-611 

MC54/74HC4051 8-Channel Analog Multiplexer/Demultiplexer 3-615 

MC74HC4052 Dual 4-Channel Analog Multiplexer/Demultiplexer 3-615 

MC54/74HC4053 Triple 2-Channel Analog Multiplexer/Demultiplexer 3-615 

MC54/74HC4060 14-Stage Binary Ripple Counter With Oscillator 3-627 

MC54/74HC4060A 14-Stage Binary Ripple Counter With Oscillator 3-635 

MC54/74HC4066 Quad Analog Switch/Multiplexer/Demultiplexer 3-644 

MC54/74HC4066A Quad Analog Switch/Multiplexer/Demultiplexer • 3-653 

MC74HC4075 Triple 3-Input OR Gate 3-662 

MC74HC4078 8-lnput NOR/OR Gate 3-665 

MC74HC4316 Quad Analog Switch/Multiplexer/Demultiplexer With Separate Analog/ 3-669 

Digital Power Supplies 

MC74HC431 6A Quad Analog Switch/Multiplexer/Demultiplexer With Separate Analog/ 3-678 

Digital Power Supplies 

MC54/74HC4351 8-Channel Analog Multiplexer/Demultiplexer With Address Latch 3-687 

MC54/74HC4353 Triple 2-Channel Analog Multiplexer/Demultiplexer With Address Latch 3-687 

MC74HC4511 BCD-to-7 Segment Latch/Decoder/Display Driver 3-698 

MC74HC4514 1-of-1 6 Decoder/Demultiplexer With Address Latch 3-706 

MC54/74HC4538A Dual Precision Monostable Multivibrator Retriggerable, Resettable) 3-714 

MC74HC7266 Quad 2-Input Exclusive NOR Gate 3-725 

MC74HC7266A Quad 2-Input Exclusive NOR Gate 3-729 
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BUFFERS/INVERTERS 


Device 

Number 

MC54/MC74 

Function 

Functional 

Equivalent 

LSTTL 

Device 

54/74 

Functional 

Equivalent 

CMOS 

Device 

MC1XXXX 

or CDXXXX 

Direct Pin 
Compatibility 

Number 

of 

Pins 

HC04A 

Hex Inverter 

LS04 

*4069 

LS/CMOS 

14 

HCT04A 

Hex Inverter with LSTTL-Compatible Inputs 

LS04 

*4069 

LS/CMOS 

14 

HCU04 

Hex Unbuffered Inverter 

LS04 

4069 

LS/CMOS 

14 

HCU04A 

Hex Unbuffered Inverter 

LS04 

4069 

LS/CMOS 

14 

HC14A 

Hex Schmitt-Trigger Inverter 

LSI 4 

4584 

LS/CMOS 

14 

HCT14A 

Hex Schmitt-Trigger Inverter with LSTTL-Compatible 
Inputs 

LSI 4 

4584 

LS/CMOS 

14 

HC125A 

Quad 3-State Noninverting Buffer 

LS125,LS125A 


LS 

14 

HC126A 

Quad 3-State Noninverting Buffer 

LS126,LS126A 


LS 

14 

HC240A 

Octal 3-State Inverting Buffer/Line Driver/Line Receiver 

LS240 


LS 

20 

HCT240A 

Octal 3-State Inverting Buffer/Line Driver/Line Receiver 
with LSTTL-Compatible Inputs 

LS240 


LS 

20 

HC241A 

Octal 3-State Noninverting Buffer/Line Driver/Line 

Receiver 

LS241 


LS 

20 

HCT241A 

Octal 3-State Noninverting Buffer/Line Driver/Line 

Receiver with LSTTL-Compatible Inputs 

LS241 


LS 

20 

HC244A 

Octal 3-State Noninverting Buffer/Line Driver/Line 

Receiver 

LS244 


LS 

20 

HCT244A 

Octal 3-State Noninverting Buffer/Line Driver/Line 

Receiver with LSTTL-Compatible Inputs 

LS244 


LS 

20 

HC245A 

Octal 3-State Noninverting Bus Transceiver 

LS245 


LS 

20 

HCT245A 

Octal 3-State Noninverting Bus Transceiver with 
LSTTL-Compatible Inputs 

LS245 


LS 

20 

HC365 

Hex 3-State Noninverting Buffer with Common Enables 

LS365,LS365A 


LS 

16 

HC366 

Hex 3-State Inverting Buffer with Common Enables 

LS366,LS366A 


LS 

16 

HC367 

Hex 3-State Noninverting Buffer with Separate 2-Bit and 
4-Bit Sections 

LS367,LS367A 

4503 

LS/CMOS 

16 

HC368 

Hex 3-State Inverting Buffer with Separate 2-Bit and 

4-Bit Sections 

LS368,LS368A 


LS 

16 

HC540A 

Octal 3-State Inverting Buffer/Line Driver/Line Receiver 

LS540 


LS 

20 

HC541A 

Octal 3-State Noninverting Buffer/Line Driver/Line 

Receiver 

LS541 


LS 

20 

HCT541A 

Octal 3-State Noninverting Buffer/Line Driver/Llne 

Receiver with LSTTL-Compatible Inputs 

LS541 


LS 

20 

HC640A 

Octal 3-State Inverting Bus Transceiver 

LS640 


LS 

20 

HC4049 

Hex Inverting Buffer/Logic-Level Down Converter 


4049 

CMOS 

16 

HC4050 

Hex Noninverting Buffer/Logic-Level Down Converter 


4050 

CMOS 

16 
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BUFFERS/INVERTERS (Continued) 


HC Devices Have CMOS-Compatible Inputs. HCT Devices Have LSTTL-Compatible Inputs. 


Device 

HC 

HCT 

04A 

HCU 

04 

HCU 

04A 

HC 

14A 

HC 

125A 

HC 

126A 

HC 

HCT 

240A 

HC 
HCT 
241 A 

HC 

HCT 

244A 

HC 

HCT 

245A 

# Pins 

14 

14 

14 

14 

14 

14 

20 

20 

20 

20 

Quad Device 





• 

• 





Hex Device 

• 

• 

• 

• 







Octal Device 







• 

• 

• 

• 

Nine-Wide Device 











Noninverting Outputs 





• 

• 


• 

• 

• 

Inverting Outputs 

• 

• 

• 

• 



• 




Single Stage (unbuffered) 


• 

• 








Schmitt Trigger 




• 







3-State Outputs 





• 

• 

• 

• 

e 

• 

Open-Drain Outputs 











Common Output Enables 







• 

• 

• 

• 

Active-Low Output Enables 





• 


• 

• 

• 

• 

Active-High Output Enables 






• 

• 

• 

• 

• 


Separate 4-Bit Sections 











Separate 2-Bit and 4-Bit Sections 











Transceiver 










o 

Direction Control 










• 

Logic-Level Down Converter 













HC Devices Have CMOS-Compatible Inputs. HCT Devices Have LSTTL-Compatible Inputs. 








HC 





HC 

HC 

HC 

HC 

HC 

HCT 

HC 

HC 

HC 

Device 

365 

366 

367 

368 

540A 

541 A 

640A 

4049 

4050 

# Pins 

16 

16 

16 

16 

20 

20 

20 

16 

16 

Quad Device 

Hex Device 

Octal Device 

Nine-Wide Device 

• 

• 

• 

• 

• 

• 

'• 

• 

• 

Noninverting Outputs 

Inverting Outputs 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Single Stage (unbuffered) 










Schmitt Trigger 










3-State Outputs 

Open-Drain Outputs 

• 

• 

• 

• 

• 

• 

• 



Common Output Enables 

• 

• 



• 

• 

• 



Active-Low Output Enables 

Active-High Output Enables 

• 

• 

• 

• 

• 

• 

• 



Separate 4-Bit Sections 










Separate 2-Bit and 4-Bit Sections 










Transceiver 







• 



Direction Control 







• 



Logic-Level Down Converter 








• 

• 
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GATES 


Device 

Number 

MC54/MC74 

Function 

Functional 

Equivalent 

LSTTL 

Device 

54/74 

Functional 

Equivalent 

CMOS 

Device 

MC1XXXX 

or CDXXXX 

Direct Pin 
Compatibility 

Number 

of 

Pins 

HCOOA 

Quad 2-Input NAND Gate 

LSOO 

4011 

LS 

14 

HCTOOA 

Quad 2-Input NAND Gate with LSTTL-Compatible Inputs 

LSOO 

4001 

LS 

14 

HC02A 

Quad 2-Input NOR Gate 

LS02 

4001 

LS 

14 

HC03A 

Quad 2-Input NAND Gate with Open-Drain Outputs 

LS03 

*4011 

LS 

14 

HC08A 

Quad 2-Input AND Gate 

LS08 

4081 

LS 

14 

HCT08A 

Quad 2-Input AND Gate with LSTTL-Compatible Inputs 

LS08 

4081 

LS 

14 

HC10 

Triple 3-Input NAND Gate 

LS10 

4023 

LS 

14 

HC11 

Triple 3-Input AND Gate 

LS11 

4073 

LS 

14 

HC20 

Dual 4-Input NAND Gate 

LS20 

4012 

LS 

14 

HC27 

Triple 3-Input NOR Gate 

LS27 

4025 

LS 

14 

HC30 

8-Input NAND Gate 

LS30 

4068 

LS 

14 

HC32A 

Quad 2-Input OR Gate 

LS32 

4071 

LS 

14 

HCT32A 

Quad 2-Input OR Gate with LSTTL-Compatible Inputs 

LS32 

4071 

LS 

14 

HC51 

2-Wide, 2-lnput/2-Wide, 3-Input AND-NOR Gates 

LS51 

*4506 

LS 

14 

AHC58 

2-Wide, 2-lnput/2-Wide, 3-Input AND-OR Gates 


*4506 


14 

HC86/A 

Quad 2-Input Exclusive OR Gate 

LS86 

4070 

LS 

14 

HC132A 

Quad 2-Input NAND Gate with Schmitt-Trigger Inputs 

LSI 32 

'4093 

LS 

14 

HC133 

13-Input NAND Gate 

LSI 33 


LS 

16 

HC4002 

Dual 4-Input NOR Gate 

*LS25 

4002 

CMOS 

14 

HC4075 

Triple 3-Input OR Gate 


4075 

CMOS 

14 

HC4078 

8-Input NOR/OR Gate 


4078 

CMOS 

14 

AHC7266/A 

Quad 2-input Exclusive NOR Gate 

*LS266 

4077 

LS/CMOS 

14 


* Suggested alternative 

★ Exclusive High-Speed CMOS design 
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GATES (Continued) 


HC Devices Have CMOS-Compatible Inputs. 


Device 

HC 

HCT 

OOA 

HC 

02A 

HC 

03A 

HC 

HCT 

08A 

HC 

10 

HC 

11 

HC 

20 

HC 

27 

HC 

30 

HC 

HCT 

32A 

#Pins 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

Single Device 

Dual Device 

Triple Device 

Quad Device 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

NAND 

NOR 

AND 

OR 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Exclusive OR 

Exclusive NOR 

AND-NOR 

AND-OR 











2- Input 

3- lnput 

4- Input 

8-Input 

13-Input 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Schmitt-Trigger Inputs 











Open-Drain Outputs 



• 









HC Devices Have CMOS-Compatible Inputs. 



HC 

HC 

HC 

HC 

HC 

HC 

HC 

HC 

HC 

Device 

51 

58 

86/A 

132 A 

133 

4002 

4075 

4078 

7266/A 

# Pins 

14 

14 

14 

14 

16 

14 

14 

14 

14 

Single Device 

Dual Device 

Triple Device 

Quad Device 

• 

• 

• 

• 

• 

• 

• 

• 

• 

NAND 

NOR 

AND 




• 

• 

• 


• 


OR 







• 

• 


Exclusive OR 

Exclusive NOR 

AND-NOR 

AND-OR 

• 

• 

• 






• 

2-Input 

• 

• 

• 

• 





• 

3- lnput 

4- Input 

8-Input 

13-Input 

• 

• 



• 

• 

• 

• 


Schmitt-Trigger Inputs 




• 






Open-Drain Outputs 
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SCHMITT TRIGGERS 


Device 

Number 

MC54/MC74 

Function 

Functional 

Equivalent 

LSTTL 

Device 

54/74 

Functional 

Equivalent 

CMOS 

Device 

MC1XXXX 

or CDXXXX 

Direct Pin 
Compatibility 

Number 

of 

Pins 

HC14A 

Hex Schmitt-Trigger Inverter 

LSI 4 

4584 

LS/CMOS 

14 

HCT14A 

Hex Schmitt-Trigger Inverter with LSTTL-Compatible 
Inputs 

LS14 

4584 

LS 

14 

HC132A 

Quad 2-Input NAND Gate with Schmitt-Trigger Inputs 

LSI 32 

4093 

LS 

14 


BUS TRANSCEIVERS 



Device 

Number 

MC54/MC74 

Function 

Functional 

Equivalent 

LSTTL 

Device 

54/74 

Functional 

Equivalent 

CMOS 

Device 

MC1XXXX 

or CDXXXX 

Direct Pin 
Compatibility 

Number 

of 

Pins 

HC245A 

Octal 3-State Noninverting Bus Transceiver 

LS245 


LS 

20.. 

HCT245A 

Octal 3-State Noninverting Bus Transceiver, with 
LSTTL-Compatible Inputs 

LS245 


LS 

20 

HC640A 

Octal 3-State Inverting Bus Transceiver 

LS640 


LS 

20 

HC646 

Octal 3-State Noninverting Bus Transceiver and 

D Flip-Flop 

LS646 


LS 

24 


HC Devices Have CMOS-Compatible Inputs. HCT Devices Have LSTTL-Compatible Inputs. 


Device 

HC 

HCT 

245A 

HC 

640A 

HC 

646 

# Pins 

20 

20 

24 






• 

a 

a 


• 

a 





a 

Inverting Outputs 


a 

!■■■ 

Noninverting Outputs 

• 


IH 

Common Output Enable 

• 

a 

a 

Active-Low Output Enable 

• 

a 

a 

Active-High Output Enable 




Direction Control 

« 

a 

a 
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Function Selector Guide 


LATCHES 


Device 

Number 

MC54/MC74 

Function 

Functional 

Equivalent 

LSTTL 

Device 

54/74 

Functional 

Equivalent 

CMOS 

Device 

MC1XXXX 

or CDXXXX 

Direct Pin 
Compatibility 

Number 

of 

Pins 

HC75 

Dual 2-Bit Transparent Latch 

LS75 


LS 

16 

HC259 

8-Bit Addressable Latch/1 -of-8 Decoder 

LS259 


LS 

16 

HC373A 

Octal 3-State Noninverting Transparent Latch 

LS373,LS573 


LS373 

20 

HCT373A 

Octal 3-State Noninverting Transparent Latch with 
LSTTL-Compatible Inputs 

LS373,LS573 


LS373 

20 

HC533A 

Octal 3-State Inverting Transparent Latch 

LS533,LS563 


LS533 

20 



LS533,LS563 


LS563 

20 



LS373,LS573 


LS573 

20 


Octal 3-State Noninverting Transparent Latch with 

LSTTL-Compatible Inputs 

LS373,LS573 


LS573 

20 



HC Devices Have CMOS-Compatible Inputs. HCT Devices Have LSTTL-Compatible Inputs. 


Device 

HC 

75 

HC 

259 

HC 

HCT 

373A 

HC 

533A 

HC 

563 

HC 

HCT 

573A 

# Pins 

16 

16 

20 

20 

20 

20 

Single Device 


• 





Dual Device 

• 






Octal Device 



• 

mi 

• 

• 

Number of Bits Controlled by Latch Enable: 







2 

• 






8 



• 

mm 

• 

• 

Transparent 

• 


• 


• 

• 

Addressable 







Readback Capability 




mHi 



Noninverting Outputs 

• 

• 

• 



• 

Inverting Outputs 

• 



mmi 

• 


Common Latch Enable, Active-Low 

• 


• 


• 

• 

3-State Outputs 



• 

• 

• 

• 

Common Output Enable, Active-Low 



• 


• 

• 


These devices are identical in function and are different in pinout only: HC/HCT373A and HC/HCT573A 
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FLIP-FLOPS 


Device 

Number 

MC54/MC74 

Function 

Functional 

Equivalent 

LSTTL 

Device 

54/74 

Functional 

Equivalent 

CMOS 

Device 

MC1XXXX 

or CDXXXX 

Direct Pin 
Compatibility 

Number 

of 

Pins 

HC73 

Dual J-K Flip-Flop with Reset 

LS73,LS73A, 

LS107,LS107A 

*4027 

LS73, 

LS73A 

14 

HC74A 

Dual D Flip-Flop with Set and Reset 

LS74,LS74A 

*4013 

LS 

14 

HCT74A 

Dual D Flip-Flop with Set and Reset with 
LSTTL-Compatible Inputs 

LS74,LS74A 

4013 

LS 

14 

HC107 

Dual J-K Flip-Flop with Reset 

LS73,LS73A, 

LS107,LS107A 

*4027 

LSI 07, 
LS107A 

14 

HC109 

Dual J-K with Set and Reset 

LS109,LS109A 

*4027 

LS 

16 

HC112 

Dual J-K Flip-Flop with Set and Reset 

LS76,LS76A, 
LS112, LS112A 

*4027 

LS112, 

LS112A 

16 

HC173 

Quad 3-State D Flip-Flop with Common Clock and Reset 

LS173,LS173A 

4076 

LS/CMOS 

16 

HC174A 

Hex D Flip-Flop with Common Clock and Reset 

LSI 74 

4174 

LS/CMOS 

16 

HCT174A 

Hex D Flip-Flop with Common Clock and Reset with 
LSTTL-Compatible Inputs 

LSI 74 

4174 

LS 

16 

HC175/A 

Quad D Flip-Flop with Common Clock and Reset 

LSI 75 

4175 

LS/CMOS 

16 

HC273A 

Octal D Flip-Flop with Common Clock and Reset 

LS273 


LS 

20 

HCT273A 

Octal D Flip-Flop with Common Clock and Reset with 
LSTTL-Compatible Inputs 

LS273 


LS 

20 

HC374A 

Octal 3-State Noninverting D Flip-Flop 

LS374,LS574 


LS374 

20 

HCT374A 

Octal 3-State Noninverting D Flip-Flop with 
LSTTL-Compatible Inputs 

LS374,LS574 


LS374 

20 

HC534A 

Octal 3-State Inverting D Flip-Flop 

LS534,LS564 


LS534 

20 

HC564 

Octal 3-State Inverting D Flip-Flop 

LS534,LS564 


LS564 

20 

HC574A 

Octal 3-State Noninverting D Flip-Flop 

LS374,LS574 


LS574 

20 

HCT574A 

Octal 3-State Noninverting D Flip-Flop with 
LSTTL-Compatible Inputs 

LS374,LS574 


LS 

20 

HC646 

Octal 3-State Noninverting Bus Transceiver and 

D Flip-Flop 

LS646 


LS 

24 


* Suggested alternative 
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FLIP-FLOPS (Continued) 


HC Devices Have CMOS-Compatible Inputs. HCT Devices Have LSTTL-Compatible inputs. 


Device 

HC 

73 

HC 

HCT 

74A 

HC 

107 

HC 

109 

HC 

112 

HC 

173 

HC 

HCT 

174 A 

HC 

175/A 

#Pins 

14 

14 

14 

16 

16 

16 

16 

16 

Type 

J-K 

D 

J-K 

J-K 

J-K 

D 

D 

D , 

Dual Device 

• 

• 

• 

• 

• 




Quad Device 






• 


• 

Hex Device 







• 


Octal Device 









Common Clock 







■|V|| 


Negative-Transition Clocking 

• 


• 


• 




Positive-Transition Clocking 


• 


• 



mm 

HfBI 

Common, Active-Low Data Enables 






• 


mi 

Noninverting Outputs 

• 

• 


■■■■ 

• 

• 

• 


Inverting Outputs 

• 

• 



• 




3-State Outputs 






• 



Common, Active-Low Output Enables 






0 - 


IHil 

Common Reset 









Active-Low Reset 

• 

• 

• 

• 

• 




Active-High Reset 








m 

Active-Low Set 


• 


• 

• 



iiiim 

Transceiver 









Direction Control 








bihi 



HC Devices Have CMOS-Compatible Inputs. HCT Devices Have LSTTL-Compatible Inputs. 


HC 

HC 



HC 



HCT 

HCT 

HC 

HC 

HCT 

HC 

Device 

273A 

374A 

534A 

564 

574A 

646 

# Pins 

20 

20 

20 

20 

20 

24 

Type 

D 

D 

D 

D 

D 

D 

Dual Device 

Quad Device 

Hex Device 

Octal Device 

• 

• 

• 

• 

e 

• 

Common Clock 





■QH 


Negative-Transition Clocking 
Positive-Transition Clocking 

■ 

■ 

■ 

■ 

■ 

■ 

Common, Active-Low Data Enables 








• 

• 

• 

• 

• 

• 

3-State Outputs 


• 

• 




Common, Active-Low Output Enables 


• 

• 



Bi 

Common Reset 

• 






Active-Low Reset 

Active-High Reset 

• 






Active-Low Set 







Transceiver 






• 

Direction Control 






• 


These devices are identical in function and are different in pinout only: HC73 and HC107 

HC374A and HC574A 
HC534A and HC564 
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DIGITAL DATA SELECTORS/MULTIPLEXERS 


Device 

Number 

MC54/MC74 

Function 

Functional 

Equivalent 

LSTTL 

Device 

54/74 

Functional 

Equivalent 

CMOS 

Device 

MC1XXXX 

or CDXXXX 

Direct Pin 
Compatibility 

Number 

of 

Pins 

HC151 

8-Input Data Selector/Multiplexer 

LSI 51 

*4512 

LS 

16 

HC153 

Dual 4-Input Data Selector/Multiplexer 

LSI 53 

4539 

LS/CMOS 

16 

HC157A 

Quad 2-Input Noninverting Data Selector/Multiplexer 

LSI 57 

*4519 

LS 

16 

HCT157A 

Quad 2-Input Data Selector/Multiplexer with 
LSTTL-Compatible Inputs 

LSI 57 

*4519 

LS 

16 

HC 158/A 

Quad 2-Input Data Selector/Multiplexer 

LSI 58 


LS 

16 

HC251 

8-Input Data Selector/Multiplexer with 3-State Outputs 

LS251 

*4512 

LS 

16 

HC253 

Dual 4-Input Data Selector/Multiplexer with 3-State 
Outputs 

LS253 

*4539 

LS/CMOS 

16 

HC257 

Quad 2-Input Data Selector/Multiplexer with 3-State 
Outputs 

LS257 

*4519 

LS 

16 


* Suggested alternative 



HC Devices Have CMOS-Compatible Inputs. 


Device 

HC 

151 

HC 

153 

HC 

HCT 

157 A 

HC 

HCT 

157A 

HC 

158 

158 A 

HC 

251 

HC 

253 

HC 

257 

# Pins 

16 

16 

16 

16 

16 

16 

16 

16 

Description 

One of 

One of 

One of 

One of 

One of 

One of 

14 One of 

One of 


8 inputs is 

4 inputs is 

two 4-bit 

two 4-bit 

two 4-bit 

8 inputs is 

4 inputs is 

two 4-bit 


selected 

selected 

words is 

words is 

words is 

selected 

selected 

words is 




selected 

selected 

selected 



selected 

Single Device 

• 





• 



Dual Device 


• 





• 


Quad Device 



• 

• 

• 



• 

Data Latch with Active-Low Latch 









Enable 









Common Address 


• 

• 

• 

• 


• 

• 

1-Bit Binary Address 



• 

• 

• 



• 

2-Bit Binary Address 


• 





« 


3-Bit Binary Address 

o 





• 



Address Latch (Transparent) 








• 

Address Latch (Non-transparent) 









Active-Low Address Latch Enable 









Noninverting Output 

• 

• 

• 

• 


• 

• 

• 

Inverting Output 

• 




• 

• 



3-State Outputs 






• 

• 

• 

Common Output Enable 



• 

• 

• 



• 

Active-High Output Enable 





• 




Active-Low Output Enable 

• 

• 

• 

• 


• 

• 

• 
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DECODERS/DEMULTIPLEXERS/DISPLAY DRIVERS 


Device 

Number 

MC54/MC74 

Function 

Functional 

Equivalent 

LSTTL 

Device 

54/74 

Functional 

Equivalent 

CMOS 

Device 

MC1XXXX 

or CDXXXX 

Direct Pin 
Compatibility 

Number 

of 

Pins 

HC42 

1-of-10 Decoder 

LS42 

*4028 

LS 

16 

. HC137 

1-of-8 Decoder/Demultiplexer with Address Latch 

LS137 

*4028 

LS 

16 

HC138A 

1-of-8 Decoder/Demultiplexer 

LSI 38 

*4028 

LS 

16 

HCT138A 

1-of-8 Decoder/Demultiplexer with LSTTL-Compatible 
Inputs 

LSI 38 

*4028 

LS 

16 

HC139A 

Dual 1-of-4 Decoder/Demultiplexer 

LS139 

4556 

LS/CMOS 

16 

HC147 

Decimal-to-BCD Encoder 

LSI 47 


LS 

16 

HC154 

1-of-1 6 Decoder/Demultiplexer 

LS154,*LS159 

*4515 

LS 

24 

AHC237 

1-of-8 Decoder/Demultiplexer with Address Latch 

*LS137 

*4208 


16 

- HC259 

8-Bit Addressable Latch/1 -of-8 Decoder 

LS259 


LS 

16 

HC4511 

BCD-to-Seven-Segment Latch/Decoder/Display Driver 

*LS47,*LS48, 

*LS49 

4511 

CMOS 

16 

HC4514 

1-of-16 Decoder/Demultiplexer with Address Latch 

*LS154,*LS159 

4514, *4515 

CMOS 

24 


* Suggested alternative 

ic Exclusive High-Speed CMOS design 
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DECODERS/DEMULTIPLEXERS/DISPLAY DRIVERS (Continued) 


HC Devices Have CMOS-Compatible Inputs. 


Device 

HC 

42 

HC 

137 

HC 

HCT 

138 A 

HC 

139 A 

HC 

147 

HC 

154 

# Pins 

16 

16 

16 

16 

16 

24 

Input Description 

BCD Address 

3-Bit Binary 
Address 

3-Bit Binary 
Address 

2-Bit Binary 
Address 

Any 

Combination of 

9 Inputs 

4-Bit Binary 
Address 

Output Description 

One of 1 0 

One of 8 

One of 8 

One of 4 

BCD Address of 
Highest Input 

One of 16 

Single Device 

Dual Device 

• 

• 

• 

• 

• 

• 

Address Input Latch 

Active-High Latch Enable 
Active-Low Latch Enable 


• 

• 





Active-Low Inputs 





• 


Active-Low Outputs 

Active-High Outputs 

• 

• 

• 

• 

• 

• 

Active-Low Output Enable 
Active-High Output Enable 


• 

• 

•• 

• 

• 


o» 

Active-Low Reset 







Active-Low Blanking Input 
Active-High Blanking Input 







Active-Low Lamp-Test Input 







Phase Input (for LCD’s) 





1 



•• Implies the device has two such enables 



HC Devices Have CMOS-Compatible Inputs. 



HC 

HC 

HC 

HC 

Device 

237 

259 

4511 

4514 

# Pins 

16 

16 

16 

24 

Input Description 

3-Bit Binary 

3-Bit Binary 

BCD Data 

4-Bit Binary 


Address 

Address 


Address 

Output Description 

One of 8 









Single Device 

Dual Device 

• 

• 

• 

• 

Address Input Latch 

• 


• 

• 

Active-High Latch Enable 

Active-Low Latch Enable 

• 


• 

a 

Active-Low Inputs 





Active-Low Outputs 

Active-High Outputs 

• 

• 

• 

• 

Active-Low Output Enable 

• 

• 


• 

Active-High Output Enable 

• 




Active-Low Reset 


• 



Active-Low Blanking Input 

Active-High Blanking Input 



• 


Active-Low Lamp-Test Input 



• 


Phase Input (for LCD’s) 
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ANALOG SWITCHES/MULTIPLEXERS/DEMULTIPLEXERS 


Device 

Number 

MC54/MC74 

Function 

Functional 

Equivalent 

LSTTL 

Device 

54/74 

Functional 

Equivalent 

CMOS 

Device 

MC1XXXX 

or CDXXXX 

Direct Pin 
Compatibility 

Number 

of 

Pins 

HC4016/A 

Quad Analog Switch/Multiplexer/Demultiplexer 


4016,4066 

CMOS 

14 

HC4051 

8-Channel Analog Multiplexer/Demultiplexer 


4051 

CMOS 

16 

HC4052 

Dual 4-Channel Analog Multiplexer/Demultiplexer 


4052 

CMOS 

16 

HC4053 

Triple 2-Channel Analog Multiplexer/Demultiplexer 


4053 

CMOS 

16 

nU4UDD/M 

Quad Analog Switch/Multiplexer/Demultiplexer 


4066,4016 

CMOS 

14 

AHC4316/A 

Quad Analog Switch/Multiplexer/Demultiplexer with 


*4016 


16 


Separate Analog and Digital Power Supplies 





y^HC4351 

8-Channel Analog Multiplexer/Demultiplexer with 


*4051 


20 


Address Latch 





kHC4353 

Triple 2-Channel Analog Multiplexer/Demultiplexer with 


*4053 


20 


Address Latch 






* Suggested alternative 
■k High-Speed CMOS design only 


HC Devices Have CMOS-Compatible Inputs. 


Device 

HC 

4016/A 

HC 

4051 

HC 

4052 

HC 

4053 

HC 

4066/A 

#Pins 

14 

16 

16 

16 

14 

Description ' 

4 Independently 
Controlled 
Switches 

A 3-Bit Address 
Selects One of 8 

Switches 

A 2-Bit Address 
Selects One of 4 

Switches 

A 3-Bit Address 
Selects Varying 
Combinations of 

the 6 Switches 

4 Independently 
Controlled 
Switches 

Single Device 

Dual Device 

Triple Device 

Quad Device 

• 

• 

• 

• 

• 

1- to-1 Multiplexing 

2- to-1 Multiplexing 

4-to-1 Multiplexing 

8-to-1 Multiplexing 

• 

• 

• 

• 

• 

Active-High ON/OFF Control 

• 




• 

Common Address Inputs 

2- Bit Binary Address 

3- Bit Binary Address 

Address Latch with Active-Low Latch 
Enable 


• 

• 

• 

• 

• 


Common Switch Enable 

Active-Low Enable 

Active-High Enable 


• 

• 

• 

• 

• 

• 


Separate Analog and Control Reference 
Power Supplies 


• 

• 

• 


Switched Tubs (for Rqn ^f^cl Prop. Delay 
Improvement) 





• 
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ANALOG SWITCHES/MULTIPLEXERS/DEMULTIPLEXERS (Continued) 


HC Devices Have CMOS-Compatible Inputs. 



HC 

HC 

HC 

Device 

4316/A 

4351 

4353 

# Pins 

16 

20 

20 

Description 

4 Independently 

A 3-Bit Address 

A 3-Bit Address 


Controlled Switches 

Selects One of 8 

Selects Varying 


(Has a Separate 

Switches 

Combinations of 


Analog Lower 

(Has an Address Latch) 

the 6 Switches 


Power Supply) 


(Has an Address Latch) 

Single Device 


• 


Dual Device 




Triple Device 



• 

Quad Device 

• 



1-to-1 Multiplexing 

• 



2-to-1 Multiplexing 



• 

4-to-1 Multiplexing 




8-to-1 Multiplexing 


• 


Active-High ON/OFF Control 

• 



Common Address Inputs 



• 

2-Bit Binary Address 




3-Bit Binary Address 


• 

• 

Address Latch with Active-Low Latch Enable 


• 

• 

Common Switch Enable 

• 

•• 

•• 

Active-Low Enable 

• 

• 

• 

Active-High Enable 


• 

• 

Separate Analog and Control Reference Power Supplies 

o 

• 

o 

Switched Tubs (for Rqn Prop, Delay Improvement) 





•• implies the device has two such enables 
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SHIFT REGISTERS 


Device 

Number 

MC54/MC74 

Function 

Functional 

Equivalent 

LSTTL 

Device 

54/74 

Functional 

Equivalent 

CMOS 

Device 

MC1XXXX 

or CDXXXX 

Direct Pin 
Compatibility 

Number 

of 

Pins 

HC164/A 

8-Bit Serial-Input/Parallel-Output Shift Register 

LSI 64 

*4034 

LS 

14 

HC165 

8-Bit Serial- or Parallel-lnput/Serial-Output Shift Register 

LSI 65 

*4021 

LS 

16 

HC194 

4-Bit Bidirectional Universal Shift Register 

LS194,LS194A 

4194 

LS/CMOS 

16 

HC195 

4-Bit Universal Shift Register 

LS196,LS195A 

*4035 

LS 

16 

HC299 

8-Bit Bidirectional Universal Shift Register with 

Parallel I/O 

LS299 


LS 

20 

HC589/A 

8-Bit Serial- or Parallel-lnput/Serial-Output Shift Register 
with 3-State Output 

LS589 


LS 

16 

HC595A 

8-Bit Serial-Input/Serial- or Parallel-Output Shift Register 
with Latched 3-State Outputs 

LS595 

*4034 

LS 

16 

HC597/A 

8-Bit Serial- or Parallel-lnput/Serial-Output Shift Register 
with Input Latch 

LS597 


LS 

16 


* Suggested alternative 

-k Exclusive High-Speed CMOS design 


HC Devices Have CMOS-Compatible Inputs. 



HC 

HC 

HC 

HC 

HC 

HC 

HC 

HC 

Device 

164/A 

165 

194 

195 

299 

589/A 

595A 

597/A 

# Pins 

14 

16 

16 

16 

20 

16 

16 

16 

4-Bit Register 



• 

• 





8-Bit Register 

• 

• 



0 

0 

0 

0 

Serial Data Input 

• 

• 

• 

• 

00 

0 

0 

0 

Parallel Data Inputs 


• 

• 

• 

0 

0 


0 

Serial Output Only 


• 




0 


0 

Parallel Outputs 

• 


• 

• 

0 


0 


Inverting Output 


• 


• 





Noninverting Output 

• 

• 

• 

o 

0 

0 

0 

0 

Serial Shift/Parallel Load Control 


• 

• 

• 

0 

0 


0 

Shifts One Direction Only 

• 

• 


• 


0 

0 

0 

Shifts Both Directions 



• 


0 




Positive-Transition Clocking 

• 

• 

• 

• 

0 

0 

0 

0 

Active-High Clock Enable 


• 







Input Data Enable 

• 








Data Latch with Active-High Latch Clock 






0 


0 

Output Latch with Active-High Latch Clock 







0 


3-State Outputs 





0 

0 

0 


Active-Low Output Enable 





00 

0 

0 


Active-Low Reset 

• 


• 

• 

0 


0 

0 
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COUNTERS 


Device 

Number 

MC54/I\/IC74 

Function 

Functional 

Equivalent 

LSTTL 

Device 

54/74 

Functional 

Equivalent 

CMOS 

Device 

MC1XXXX 

or CDXXXX 

Direct Pin 
Compatibility 

Number 

of 

Pins 

HC160 

Presettable BCD Counter with Asynchronous Reset 

LS160,LS160A 

4160 

LS/CMOS 

16 

HC161A 

Presettable 4-Bit Binary Counter with Asynchronous 

Reset 

LS161,LS161A 

4161 

LS/CMOS 

16 

HCT161A 

Presettable 4-Bit Binary Counter with Asynchronous 

Reset with LSTTL-Compatible Inputs 

LS161,LS161A 

4161 

LS/CMOS 

16 

HC162 

Presettable BCD Counter with Synchronous Reset 

LS162,LS162A 

4162 

LS/CMOS 

16 

HC163A 

Presettable 4-Bit Binary Counter with Synchronous Reset 

LS163,LS163A 

4163 

LS/CMOS 

16 

HC390/A 

Dual 4-Stage Binary Ripple Counter with -i- 2 and -i- 5 
Sections 

LS390 


LS 

16 

HC393/A 

Dual 4-Stage Binary Ripple Counter 

LS393 

*4520 

LS 

14 

HC4017 

Decade Counter 


4017 

CMOS 

16 

HC4020/A 

14-Stage Binary Ripple Counter 


4020 

CMOS 

16 

HC4040/A 

12-Stage Binary Ripple Counter 


4040 

CMOS 

16 

HC4060/A 

14-Stage Binary Ripple Counter with Oscillator 


4060 

CMOS 

16 


* Suggested alternative 



HC Devices Have CMOS-Compatible Inputs. 


Device 

HC 

160 

HC 

161A 

HC 

162 

HC 
HCT 
163 A 

HC 

390/A 

HC 

393/A 

HC 

4017 

HC 

4020/A 

HC 

4040/A 

HC 

4060/A 

#Pins 

16 

16 

16 

16 

16 

14 

16 

16 

16 

16 

Single Device 

• 

• 

o 

• 



9 

• 

• 

• 

Dual Device 





• 

• 





Ripple Counter 





• 

• 


9 

• 

• 

Number of Ripple Counter Internal Stages 





4 

4 


14 

12 

14 

Number of Stages with Available Outputs 





4 

4 


12 

12 

10 

Count Up 

• 

• 

• 

• 

• 

• 

9 

• 

• 

• 

4-Bit Binary Counter 


• 


• 


e 





BCD Counter 

o 


• 


• 






Decimal Counter 







9 




Separate -4- 2 Section 





9 






Separate h- 5 Section 





9 






On-Chip Oscillator Capability 










• 

Positive-Transition Clocking 

9 

o 

• 

• 



9 




Negative-Transition Clocking 





9 

e 

9 

9 

• 

• 

Active-High Clock Enable 







9 




Active-Low Clock Enable 







9 




Active-High Count Enable 

99 

99 

•• 

•• 







Active-High Reset 

9 

9 

o 

• 

9 

• 

9 

9 

• 

• 

4-Bit Binary Preset Data Inputs 


• 


• 







BCD Preset Data Inputs 

9 


• 








Active-Low Load Preset 

9 

• 

o 

• 







Carry Output 

9 

• 

• 

• 








•• implies the device has two such enables 
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MISCELLANEOUS DEVICES 


Device 

Number 

MC54/MC74 

Function 

Functional 

Equivalent 

LSTTL 

Device 

54/74 

Functional 

Equivalent 

CMOS 

Device 

MC1XXXX 

or CDXXXX 

Direct Pin 
Compatibility 

Number 

of 

Pins 

HC85 

4-Bit Magnitude Comparator 

LS85 

M585 

LS 

16 

HC280 

9-Bit Odd/Even Parity Generator/Checker 

LS280 

*4531 

LS 

14 

HC688 

8-Bit Equality Comparator 

LS688 


LS 

20 

HC4046A 

Phase-Locked Loop 


4046 

CMOS 

16 

HC4538A 

Dual Precision Monostable Multivibrator 
(Retriggerable, Resettable) 

*LS423 

4538,4528 

CMOS 

16 


m 
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INTRODUCTION 


CMOS devices have been used for many years in applica- 
tions where the primary concerns were low power consump- 
tion, wide power-supply range, and high noise immunity. 
However, metal-gate CMOS (MC14000 series) is too slow 
for many applications. Applications requiring high-speed de- 
vices, such as microprocessor memory decoding, had to go 
to the faster families such as LSTTL. This meant sacrificing 
the best qualities of CMOS. The next step in the logic evolu- 
tion was to introduce a family of devices that were fast 
enough for such applications, while retaining the advantages 
of CMOS. The results of this change can be seen in Table 1 
where HSCMOS devices are compared to standard (metal- 
gate) CMOS, LSTTL, and ALS. 

The Motorola CMOS evolutionary process shown in 
Figure 1 indicates that one advantage of the silicon-gate 
process is device size. The High-Speed CMOS (HSCMOS) 
device is about half the size of the metal-gate predecessor, 
yielding significant chip area savings. The silicon-gate pro- 
cess allows smaller gate or channel lengths due to the self- 


aligning gate feature. This process uses the gate to define 
the channel during processing, eliminating registration errors 
and, therefore, the need for gate overlaps. The elimination of 
the gate overlap significantly lowers the gate capacitance, 
resulting in higher speed capability. The smaller gate length 
also results in higher drive capability per unit gate width, en- 
suring more efficient use of chip area. Immunity enhance- 
ments to electrostatic discharge (BSD) damage and latch up 
are ongoing. Precautions should still be taken, however, to 
guard against electrostatic discharge and latch up. 

Motorola’s High-Speed CMOS family has a broad range of 
functions from basic gates, flip-flops, and counters to bus- 
compatible devices. The family is made up of devices that 
are identical in pinout and are functionally equivalent to 
LSTTL devices, as well as the most popular metal-gate 
devices not available in TTL. Thus, the designer has an 
excellent alternative to existing families without having to 
become familiar with a new set of device numbers. 



METAL GATE CMOS 
MgTAL 


OXIDE 


~ ] [ fu 


LEiJ U'jL 






I nQ L P+ J ^ I 


N+ 


- 120 iim - 


HIGH-SPEED 

SILICON-GATE 

HSCMOS 


METAL 

PSG 

OXIDE 



Figure 1. CMOS Evolution 


HANDLING PRECAUTIONS 


High-Speed CMOS devices, like all MOS devices, have 
an insulated gate that is subject to voltage breakdown. The 
gate oxide for HSCMOS devices breaks down at a gate- 
source potential of about 1 00 volts. Some device inputs are 
protected by a resistor-diode network (Figure 2). New input 
protection structure deletes the poly resistor (Figure 3) Using 
the test setup shown in Figure 4, the inputs typically with- 
stand a > 2 kV discharge. 


SILICON-GATE 


vcc 


CMOS 
INPUT ^ 


-150 Q 

-AAAr- 

POLY 


-50 Q 

-^vw- 

D2 


TO CIRCUIT 


- GND 


SILICON-GATE 


Vcc 

9 


CMOS 
INPUT ^ 


Vcc 

9 


~190Q 

-^vw- 

POLY 


TO CIRCUIT 


Figure 3. New Input Protection Network 


Figure 2. Input Protection Network 


10 MQ 



1.5 kQ _ TO INPUT 
UNDER TEST 


VZAP 


Vcc 

OR 

GROUND 


Figure 4. Electrostatic Discharge Test Circuit 
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Table 1. Logic Family Comparisons 


General Characteristics (1) (All Maximum Ratings) 


Characteristic 

Symbol 

TTL 

CMOS 

Unit 

LS 

ALS 

MCI 4000 

Hi-Speed 

Operating Voltage Range 

VCC/EE/DD 

5 ± 5% 

5 ± 5% 

3.0 to 18 

2.0 to 6.0 

V 

Operating Temperature Range 

ta 

0 to + 70 

0 to + 70 

- 40 to + 85 

-55 to + 125 

°C 

Input Voltage (limits) 

V|H min 

2.0 

2.0 

3.54 

3.54 

V 

ViL max 

0.8 

0.8 

1.54 

1.04 

V 

Output Voltage (limits) 

Vqh min 

2.7 

2.7 



V 

Vql max 

0.5 

0.5 

0.05 

0.1 

V 

Input Current 

l|NH 

20 

20 

±0.3 

±1.0 


l|NL 

-400 

-200 

Output Current @ Vq (limit) 
unless otherwise specified 

■oh 

-0.4 

-0.4 

-2.1 @ 2.5 V 

-4.0 @ 

Vcc -0.8 V 

mA 

lOL 

8.0 

8.0 

0.44 @ 0.4 V 

4.0 @ 0.4 V 

mA 

DC Noise Margin Low/High 

DCM 

0.3/0.7 

0.3/0.7 

1.454 

0.90/1 .354 

V 

DC Fanout 

— 

20 

20 

50(1)2 

50(10)2 

— 


Speed/Power Characteristics (1) (All Typical Ratings) 


Characteristic 

Symbol 

TTL 

CMOS 


LS 

ALS 

MCI 4000 


Quiescent Supply Current/Gate 

'G 

0.4 

0.2 

0.0001 

0.0005 

mA 

Power/Gate (Quiescent) 

pg 

2.0 

1.0 


0.001 


Propagation Delay 


9.0 

7.0 

125 

8.0 

ns 

Speed Power Product 

— 

18 

7.0 

0.075 

0.01 

lEfll 

Clock Frequency (D-F/F) 

fmax 

33 

35 

4.0 

40 

IDS 

Clock Frequency (Counter) 

fmax 

40 

45 

5.0 

40 

MHz 


Propagation Delay (1) 





TTL 

CMOS 


Characteristic 


LS 

ALS 

MCI 4000 

Hi-Speed 

Unit 

Gate, NOR or NAND: 

Product No. 

SN74LS00 

SN74ALS00 

MCI 4001 B 

74HC00 

- 

tPLH/tPHL^^^ 

Typical 

(10)3 

(5)3 

25 

(8)3 10 

ns 


Maximum 

(15)3 

10 

250 

(15)3 20 


Flip-Flop, D-type: 

Product No. 

SN74LS74 

SN74ALS74 

MC14013B 

74HC74 

— 

tpLH/tpHL^^^ (Clock to Q) 

Typical 

(25)3 

(12)3 

175 

(23)2 25 

ns 


Maximum 

(40)3 

20 

350 

(30)3 32 


Counter: 

Product No. 

SN74LS163 

SN74ALS163 

MC14163B 

74HC163 

— 

tpLH/fPHL^^^ (Clock to Q) 

Typical 

(18)3 

(10)3 

350 

(20)3 22 

ns 


Maximum 

(27)3 

24 

700 

(27)3 29 



NOTES: 


1 . Specifications are shown for the following conditions: 

a) Vdd (CMOS) = 5.0 V ± 10% for dc tests, 5.0 V for ac tests; Vcc (TTL) = 5.0 V ± 5% for dc tests, 5.0 V for ac tests 

b) Basic Gates: LSOO or equivalent 

c) Ta = 25°C 

d) Cl = 50 pF (ALS, HC), 15 pF (LS, 14000 and Hi-Speed) 

e) Commercial grade product 

2. ( ) fanout to LSTTL 

3. ( )Cl=15pF 

4. DC input voltage specifications are proportional to supply voltage over operating range. 

5. The number specified is the larger of tpLH and tpHL for each device. 
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The input protection network uses a polysilicon resistor in 
series with the input and before the protection diodes. This 
series resistor slows down the slew rate of static discharge 
spikes to allow the protection diodes time to turn on. Outputs 
have a similar ESD protection network except for the series 
resistor. Although the on-chip protection circuitry guards 
against ESD damage, additional protection may be neces- 
sary once the chip is placed in circuit. Both an external series 
resistor and ground and Vcc diodes, similar to the input 
protection structure, are recommended if there is a potential 
of ESD, voltage transients, etc. Several monolithic diode ar- 
rays are available from Motorola, such as the MAD130 (dual 
10 diode array) or the MAD1104 (dual 8 diode array). These 
diodes, in chip form, not only provide the necessary protec- 
tion, but also save board space as opposed to using discrete 
diodes. 

Static damaged devices behave in various ways, depend- 
ing on the severity of the damage. The most severely dam- 
aged pins are the easiest to detect. An ESD-damaged pin 
that has been completely destroyed may exhibit a low-im- 
pedance path to Vqc or GND. Another common failure mode 
is a fused or open circuit. The effect of both failure modes is 
that the device no longer properly responds to input signals. 
Less severe cases are more difficult to detect because they 
show up as intermittent failures or as degraded performance. 
Generally, another effect of static damage is increased chip 
leakage currents (Icc)- 

Although the input network does offer significant protec- 
tion, these devices are not immune to large static voltage dis- 
charges that can be generated while handling. For example, 
static voltages generated by a person walking across a 
waxed floor have been measured in the 4 to 15 kV range 
(depending on humidity, surface conditions, etc.). Therefore, 


the following precautions should be observed. 

1 . Wrist straps and equipment logs should be maintained 
and audited on a regular basis. Wrist straps malfunction 
and may go unnoticed. Also, equipment gets moved 
from time to time and grounds may not be reconnected 
properly. 

2. Do not exceed the Maximum Ratings specified by the 
data sheet. 

3. All unused device inputs should be connected to Vcc o'' 
GND. 

4. All low impedance equipment (pulse generators, etc.) 
should be connected to CMOS inputs only after the 
CMOS device is powered up. Similarly, this type of 
equipment should be disconnected before power is 
turned off. 

5. Circuit boards containing CMOS devices are merely ex- 
tensions of the devices, and the same handling precau- 
tions apply. Contacting edge connectors wired directly 
to device inputs can cause damage. Plastic wrapping 
should be avoided. When external connectors to a PC 
board are connected to an input or output of a CMOS 
device, a resistor should be used in series with the input 
or output. This resistor helps limit accidental damage if 
the PC board is removed and brought into contact with 
static generating materials. The limiting factor for the se- 
ries resistor is the added delay. The delay is caused by 
the time constant formed by the series resistor and input 
capacitance. Note that the maximum input rise and fall 
times should not be exceeded. In Figure 5, two possible 
networks are shown using a series resistor to reduce 
ESD damage. For convenience, an equation is given for 
added propagation delay and rise time effects due to se- 
ries resistance size. 


Vcc 


<; 




CMOS 


TO OFF-BOARD 


INPUT 

/ TO OFF-BOARD 

CONNECTION 

Wv 

OR 

OUTPUT 

\ CONNECTION 





R2 

I VW- 


D2 


CMOS 

INPUT 

OR 

OUTPUT 


Advantage: Requires minimal area 

Disadvantage: R1 > R2 for the same level of 
protection; therefore, rise and 
fall times, propagation delays, 
and output drives are severely 
affected. 


GND - 

Advantage: R2 < R1 for the same level of 
protection. Impact on ac and dc 
characteristics is minimized. 

Disadvantage: More board area, higher initial 
cost. 


NOTE: These networks are useful for protecting the following: 

A digital inputs and outputs C 3-state outputs 

B analog inputs and outputs D bidirectional (I/O) ports 


Propagation Delay and Rise Time vs. Series Resistance 
R 

where: 

R=the maximum allowable series resistance in ohms 
t= the maximum tolerable propagation delay or rise time in 
seconds 

C= the board capacitance plus the driven input 
capacitance in farads 
k= 0.7 for propagation delay calculations 
k= 2.3 for rise time calculations 


Figure 5. Networks for Minimizing ESD and Reducing CMOS Latch Up Susceptibiiity 
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6. All CMOS devices should be stored or transported in 
materials that are antistatic or conductive. CMOS de- 
vices must not be inserted into conventional plastic 
“snow”, Styrofoam, or plastic trays, but should be left in 
their original container until ready for use. 

7. All CMOS devices should be placed on a grounded 
bench surface and operators should ground them- 
selves prior to handling devices, because a worker can 
be statically charged with respect to the bench surface. 
Wrist straps in contact with skin are essential and 
should be tested daily. See Figure 6 for an example of 
a typical work station. 

8. Nylon or other static generating materials should not 
come in contact with CMOS devices. 

9. If automatic handlers are being used, high levels of stat- 
ic electricity may be generated by the movement of the 
device, the belts, or the boards. Reduce static buildup 
by using ionized air blowers, anti-static sprays, and 
room humidifiers. All conductive parts of machines 
which come into contact with the top, bottom, or sides 
of 1C packages must be grounded to earth ground. 

10. Cold chambers using CO2 for cooling should be 
equipped with baffles, and the CMOS devices must be 
contained on or in conductive material. 

11. When lead straightening or hand soldering is neces- 
sary, provide ground straps for the apparatus used and 
be sure that soldering iron tips are grounded. 

12. The following steps should be observed during wave 
solder operations: 

a. The solder pot and conductive conveyor system of 
the wave soldering machine must be grounded to 
earth ground. 

b. The loading and unloading work benches should 
have conductive tops grounded to earth ground. 

c. Operators must comply with precautions previously 
explained. 

d. Completed assemblies should be placed in antistatic 
or conductive containers prior to being moved to sub- 
sequent stations. 

13. The following steps should be observed during board- 
cleaning operations: 

a. Vapor degreasers and baskets must be grounded to 
earth ground. 



b. Brush or spray cleaning should not be used. 

c. Assemblies should be placed into the vapor de- 
greaser immediately upon removal from the anti- 
static or conductive container. 

d. Cleaned assemblies should be placed in antistatic or 
conductive containers immediately after removal 
from the cleaning basket. 

e. High velocity air movement or application of solvents 
and coatings should be employed only when a static 
eliminator using ionized air is directed at the printed 
circuit board. 

14. The use of static detection meters for production line 
surveillance is highly recommended. 

1 5. Equipment specifications should alert users to the pres- 
ence of CMOS devices and require familiarization with 
this specification prior to performing any kind of mainte- 
nance or replacement of devices or modules. 

16. Do not insert or remove CMOS devices from test sock- 
ets with power applied. Check all power supplies to be 
used for testing devices to be certain there are no volt- 
age transients present. 

17. Double check test equipment setup for proper polarity 
of Vqq and GND before conducting parametric or func- 
tional testing. 

18. Do not recycle shipping rails. Repeated use causes de- 
terioration of their antistatic coating. Exception: carbon 
rails (black color) may be recycled to some extent. This 
type of rail is conductive and antistatic. 

RECOMMENDED READING 

“Requirements for Handling Electrostatic-Discharge 
Sensitive (ESDS) Devices” EIA Standard EIA-625 
Available by writing to: 

Global Engineering Documents 
15 Inverness Way East 
Englewood, Colorado 80112 
Or by calling: 

1-800-854-7179 in the USA or CANADA or 
(303) 397-7956 International 

S. Cherniak, “A Review of Transients and Their Means of 
Suppression”, Application Note-843, Motorola Semiconduc- 
tor Products Inc., 1982. 


NOTES: 

1.1/16 inch conductive sheet stock covering bench-top work 
area. 

2. Ground strap. 

3. Wrist strap In contact with skin. 

4. Static neutralizer, (ionized air blower directed at work.) 
Primarily for use in areas where direct grounding is 
impractical. 

5. Room humidifier. Primarily for use in areas where the 
relative humidity is less than 45%. Caution: building 
heating and cooling systems usually dry the air causing 
the relative humidity inside a building to be less than 
outside humidity. 



Figure 6. Typical Manufacturing Work Station 
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POWER SUPPLY SIZING 

CMOS devices have low power requirements and the abil- 
ity to operate over a wide range of supply voltages. These 
two characteristics allow CMOS designs to be implemented 
using inexpensive power supplies without cooling fans. In 
addition, batteries may be used as either a primary power 
source or as a backup. 

The maximum recommended power supply voltage for HC 
devices is 6.0 V and 5.5 V for HCT devices. Figure 7 offers 
some insight as to how this specification was derived. In the 
figure, Vs is the maximum power supply voltage and Is is the 
sustaining current for the latch-up mode. The value of Vs 
was chosen so that the secondary breakdown effect may be 
avoided. The low-current junction avalanche region Is be- 
tween 10 and 14 volts at Ta = 25°C. 



Figure 7. Secondary Breakdown Characteristics 

In an ideal system design, the power supply should be de- 
signed to deliver only enough current to ensure proper op- 
eration of all devices. The obvious benefit of this type of 
design is cost savings. 


1 . The recommended power supply voltages should be 
observed. For battery backup systems such as the one 
in Figure 8, the battery voltage must be at least 2.7 volts 
(2 volts for the minimum power supply voltage and 
0.7 volts to account for the voltage drop across the se- 
ries diode). 

2. Inputs that might go above the battery backup voltage 
should use the HC4049 or HC4050 buffers (Figure 8). 
If line power is interrupted, CMOS System A and Buffer 
A lose power. However, CMOS System B and Buffer B 
remain active due to the battery backup. Buffer A 
protects System A from System B by blocking active 
inputs while the circuit is not powered up. Also, if the 
power supply voltage drops below the battery voltage, 
Buffer A acts as a level translator for the outputs from 
System B. Buffer B acts to protect System B from any 
overvoltages which might exist. Both buffers may be 
replaced with current-limiting resistors, however power 
consumption is increased and propagation delays are 
lengthened. 

3. Outputs that are subject to voltage levels above Vqc o*" 
below GND should be protected with a series resistor 
and/or clamping diodes to limit the current to an accept- 
able level. 


I 

I 


POWER SUPPLY 


BATTERY TRICKLE V 

RECHARGE 




CMOS 

SYSTEM 

'T 


BATTERY SYSTEMS 


Figure 8. Battery Backup System 


HSCMOS devices can be used with battery or battery 
backup systems. A few precautions should be taken when 
designing battery-operated systems. 


POWER SUPPLY 
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CpD POWER CALCULATION 


Power consumption for HSCMOS is dependent on the 
power-supply voltage, frequency of operation, internal ca- 
pacitance, and load. The power consumption may be calcu- 
lated for each package by summing the quiescent power 
consumption, Iqc • the switching power required by 

each device within the package. For large systems, the most 
timely method is to bread-board the circuit and measure the 
current required under a variety of conditions. 

The device dynamic power requirements can be calcu- 
lated by the equation: 

Pd = (Cl + CpD) Vcc2f 
where: Pp = power dissipated in pW 

Cl = total load capacitance present at the output in 
pF 

CpD = a measure of internal capacitances, called 
power dissipation capacitance, given in pF 
Vcc = supply voltage in volts 
f = frequency in MHz 


If the devices are tested at a sufficiently high frequency, 
the dc supply current contributes a negligible amount to the 
overall power consumption and can therefore be ignored. 
For this reason, the power consumption is measured at 
1 MHz and the following formula is used to determine the de- 
vice’s CpD value: 


Ice (dynamic) 

CPD= 


-Cl 


The resulting power dissipation is calculated using Cpo as 
follows under no-load conditions. 


(HC) Pd = CpDVcc^f + Vccicc 

(HCT) Pd = CpoVcc^f + Vccicc + AIccVcC 

(61 +62 + ... + 6n) 

where the previously undefined variable, 5n is the duty cycle 
of each input applied at TTL/NMOS levels. 

The power dissipation for analog switches switching digital 
signals is the following: 

(HC) Pd = CpDVcc^fin + (Cs + CL)Vcc2fout + Vcc'CC 
where: Cs = digital switch capacitance, and 
fout = output frequency 

In order to determine the Cpp of a single section of a device 
(i.e., one of four gates, or one of two flip-flops in a package). 
Motorola uses the following procedures as defined by 
JEDEC. Note: “biased” as used below means “tied to Vqc or 
GND.” 

Gates: Switch one input while the remaining in- 

put(s) are biased so that the output(s) 
switch. 

Latches: Switch the enable and data inputs such that 

the latch toggles. 


Flip-Flops: Switch the clock pin while changing the data 

pln(s) such that the output(s) change with 
each clock cycle. 

Decoders/ Switch one address pin which changes two 
Demultiplexers: outputs. 


Data Selectors/ Switch one address input with the corre- 
Multiplexers: spending data inputs at opposite logic levels 

so that the output switches. 


Analog Switch one address/select pin which 

Switches: changes two switches. The switch inputs/ 

outputs should be left open. For digital 
applications where the switch inputs/out- 
puts change between Vqq and GND, the 
respective switch capacitance should be 
added to the load capacitance. 


Counters: Switch the clock pin with the other inputs 

biased so that the device counts. 


Shift 

Registers: 

Transceivers: 

Monostables: 

Parity 

Generators: 


Switch the clock while alternating the input 
so that the device shifts alternating 1s and 
Os through the register. 

Switch only one data input. Place trans- 
ceivers in a single direction. 

The pulse obtained with a resistor and no 
external capacitor is repeatedly switched. 

Switch one input. 


Encoders: Switch the lowest priority output. 

Display Switch one input so that approximately one- 

Drivers: half of the outputs change state. 


ALUs/Adders: Switch the least significant bit. The remain- 
ing inputs are biased so that the device is 
alternately adding 0000 (binary) or 0001 
(binary) to 1111 (binary). 


On HSCMOS data sheets, Cpp is a typical value and is 
given either for the package or for the individual device (i.e., 
gates, flip-flops, etc.) within the package. An example of cal- 
culating the package power requirement is given using the 
74HC00, as shown in Figure 10. 

From the data sheet: 



Icc = 2 |iA at room temperature (per package) 
CpD = 22 pF per gate 

Pd = (CpD + CL)Vcc^f + Vccicc 

PDI = (22 pF + 50 pF)(5 V)2(1 kHz) 1 .8 pW 
PD2 = (22 pF + 50 pF)(5 V)2(1 MHz) 1800 jiVV 
PD3 = (22 pF) (5 V)2(0 Hz) = 0 |iW 
PD4 = (22 pF)(5 V)2(0 Hz) = 0 pW 
PD(total) = Vccicc + PD1 + PD2 + PD3 + PD4 
= 10 pW + 1.8 pW + 1800 pW + 0 pW 
= 1812 pW 
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Vcc = 5V 



Figure 10. Power Consumption Calculation Example 

As seen by this example, the power dissipated by CMOS 
devices is dependent on frequency. When operating at very 
high frequencies, HSCMOS devices can consume as much 
power as LSTTL devices, as shown in Figure 11 . The power 
savings of HSCMOS is realized when used in a system 
where only a few of the devices are actually switching at the 
system frequency. The power consumption savings comes 
from the fact that for CMOS, only the devices that are switch- 
ing consume significant power. 



10k 100k 1M 10M 100M 1G 

FREQUENCY'@ 50% DUTY CYCLE (Hz) 

Figure 11. Power Consumption Vs. Input Frequency 
forTTL, LSTTL, ALs, and HSCMOS 


INPUTS 

A basic knowledge of input and output structures is essen- 
tial to the HSCMOS designer. This section deals with the var- 
ious input characteristics and application rules regarding 
their use. Output characteristics are discussed in the section 
titled Outputs. 

All standard HC, HCU and HCT inputs, while in the recom- 
mended operating range (GND < Vjp ^ Vcc). can be mod- 
eled as shown in Figure 12. For input voltages in this range, 
diodes D1 and D2 are modeled as resistors representing the 
high-impedance of reverse biased diodes. The maximum in- 
put current is 1 pA, worst case over temperature, when the 
inputs are at Vcq or GND, and Vcc = 6 V. 



10 pF 


Figure 12. Input Model for GND < Vjn ^ Vqc 

When CMOS inputs are left open-circuited, the inputs may 
be biased at or near the typical CMOS switchpoint of 0.45 
Vcc for HC devices or 1 .3 V for HCT devices. At this switch- 
point, both the P-channel and the N-channel transistors are 
conducting, causing excess current drain. Due to the high 
gain of the buffered devices (see Figure 13), the device can 
go into oscillation from any noise in the system, resulting in 
even higher current drain. 
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0 1 2 3 4 5 

Vjn, INPUT VOLTAGE (V) 

Figure 13. Typical Transfer Characteristics 
for Buffered Devices 

For these reasons, all unused HC/HCT inputs should be 
connected either to Vqc GND. For applications with inputs 
going to edge connectors, a 100 kG resistor to GND should 
be used, as well as a series resistor (Rs) for static protection 
and current limiting (see Handling Precautions, this chap- 
ter, for series resistor consideration). The resistors should be 
configured as in Figure 14. 
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Figure 14. External Protection 
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For inputs outside of the recommended operating range, 
the CMOS input is modeled as in Figure 15 and Figure 16. 

Current flows through diode D1 or D2 whenever the Input 
voltage exceeds Vcc o'" drops below GND enough to forward 
bias either D1 or D2. The device inputs are guaranteed to 
withstand from GND - 1 .5 V to Vcc + 1 -5 V and a maximum 
current of 20 mA. If this maximum rating is exceeded, the de- 
vice could go into a latch-up condition. (See CMOS Latch 
Up, this chapter.) Voltage should never be applied to any In- 
put or output pin before power has been applied to the de- 
vice’s power pins. Bias on input or output pins should be 
removed before removing the power. However, if the input 
current is limited to less than 20 mA, and this current only 
lasts for a brief period of time (< 100 ms), no damage to the 
device occurs. 

Another specification that should be noted is the maximum 
input rise (tr) and fall (tf) times. Figure 17 shows the results of 
exceeding the maximum rise and fall times recommended by 
Motorola or contained in JEDEC Standard No. 7A. The rea- 
son for the oscillation on the output is that as the voltage 
passes through the switching threshold region with a slow 
rise time, any noise that is on the input line is amplified, and 
is passed through to the output. This oscillation may have a 
low enough frequency to cause succeeding stages to switch, 
giving unexpected results. If input rise or fall times are ex- 
pected to exceed the maximum specified rise or fall times, 
Schmitt-triggered devices such as Motorola’s HC14 and 
HC132 are recommended. 

OUTPUTS 

All HSCMOS outputs, with the exception of the HCU04, 
are buffered to ensure consistent output voltage and current 
specifications across the family. All buffered outputs have 


guaranteed output voltages of Vql = O-l V and Vqh = 
Vcc -0.1 V for llouti £ 20 HA (< 20 HSCMOS loads). 
The output drives for standard drive devices are such 
that 54HC/HCT and 74HC/HCT devices can drive ten LSTTL 
loads and maintain a Vql - 0.4 V and Vqh - ^cc ~ 0-0 V 
across the full temperature range; bus-driver devices can 
drive fifteen LSTTL loads under the same conditions. 

The outputs of all HSCMOS devices are limited to exter- 
nally forced output voltages of - 0.5 < Vout ^ ^CC + 0-5 V. 
For externally forced voltages outside this range a latch up 
condition could be triggered. (See CMOS Latch Up, this 
chapter.) 

The maximum rated output current given on the individual 
data sheets is 25 mA for standard outputs and 35 mA for bus 
drivers. The output short circuit currents of these devices typ- 
ically exceed these limits. The outputs can, however, be 
shorted for short periods of time for logic testing, if the maxi- 
mum package power dissipation is not violated. (See individ- 
ual data sheets for maximum power dissipation ratings.) 

For applications that require driving high capacitive loads 
where fast propagation delays are needed (e.g., driving pow- 
er MOSFETS), devices within the same package may be 
paralleled. Paralleling devices in different packages may re- 
sult in devices switching at different points on the input volt- 
age waveform, creating output short circuits and yielding 
undesirable output voltage waveforms. 

As a design aid, output characteristic curves are given 
for both P-channel source and N-channel sink currents. 
The curves given include expected minimum curves for 
Ta = 25°C, 85°C, and 125°C, as well as typical values for 
Ta = 25°C. For temperatures < 25°C, use the 25°C curves. 
These curves. Figure 18 through Figure 29, are intended as 
design aids, not as guarantees. Unused output pins should 
be open-circuited (floating). 
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Figure 15. Input Model for Vjn > Vcc o*" Vjn < GND 
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Figure 16. Input Model for New ESD Enhanced Circuits 



Figure 17. Maximum Rise Time Violation 
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STANDARD OUTPUT CHARACTERISTICS 


N-CHANNEL SINK CURRENT 


P-GHANNEL SOURCE CURRENT 
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Figure 18. Vgs = 2.0V 


Figure 19. Vqs = “ 2.0 V 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 

Vout, OUTPUT VOLTAGE (V) 


Figure 20. Vqs = 4.5 V 



4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 

Vout, OUTPUT VOLTAGE (V) 


Figure 21. Vqs = “4.5 V 




Vout, OUTPUT VOLTAGE (V) 


Figure 23. Vqs = - 6.0 V 


*The expected minimum curves are not guarantees, but are design aids. 
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BUS-DRIVER OUTPUT CHARACTERISTICS 


N-CHANNEL SINK CURRENT 



0 0.5 1.0 1.5 2.0 


Vout- OUTPUT VOLTAGE (V) 

Figure 24. Vqs = 2.0 V 


P-CHANNEL SOURCE CURRENT 



Vout, OUTPUT VOLTAGE (V) 


Figure 25. Vqs = - 2.0 V 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 

Vout, OUTPUT VOLTAGE (V) Vout, OUTPUT VOLTAGE (V) 


Figure 26. Vqs = 4.5 V Figure 27. Vqs = - 4.5 V 



0 1.0 2.0 3.0 4.0 5.0 6.0 6.0 5.0 4.0 3.0 2.0 1.0 0 

Vout, OUTPUT VOLTAGE (V) Vout, OUTPUT VOLTAGE (V) 


Figure 28. Vqs = 6-0 V Figure 29. Vqs = - 6.0 V 

*The expected minimum curves are not guarantees, but are design aids. 
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3-STATE OUTPUTS 

Some HC/HCT devices have outputs that can be placed 
into a high-impedance state. These 3-state output devices 
are very useful for gang connecting to a common line or bus. 
When enabled, these output pins can be considered as ordi- 
nary output pins; as such, all specifications and precautions 
of standard output pins should be followed. When disabled 
(high-impedance state), these outputs can be modeled as In 
Figure 30. Output leakage current (10 pA worst case over 
temperature) as well as 3-state output capacitance must be 
considered in any bus design. 

When power is interrupted to a 3-state device, the bus 
voltage is forced to between GND and Vcc + 0-7 V regard- 
less of the previous output state. 


Vcc 



- OUTPUT 


Figure 30. Model for Disabled Outputs 


OPEN-DRAIN OUTPUTS 

Motorola provides several devices that are designed only 
to sink current to GND. These open-drain output devices are 
fabricated using only an N-channel transistor and a diode to 
Vcc (Figure 31 ). The purpose of the diode is to provide ESD 
protection. Open-drain outputs can be modeled as shown in 
Figure 32. 


INTERNAL ^ 
CIRCUITRY > 


Vcc 



OUTPUT 


Figure 31 . Open-Drain Output 


Vcc 



Figure 32. Model of Open-Drain Output 


INPUT/OUTPUT PINS 

Some HC/HCT devices contain pins that serve both as in- 
puts and outputs of digital logic. These pins are referred to as 
digital I/O pins. The logic level applied to a control pin deter- 
mines whether these I/O pins are selected as inputs or out- 
puts. 

When I/O pins are selected as outputs, these pins may be 
considered as standard CMOS outputs. When selected as 
inputs, except for an increase in input leakage current and 
input capacitance, these pins should be considered as stan- 
dard CMOS inputs, These increases come from the fact that 
a digital I/O pin is actually a combination of an input and a 
3-state output tied together (see Figure 33). 

As stated earlier, all HC/HCT inputs must be connected to 
an appropriate logic level. This could pose a problem if an I/O 
pin is selected as an input while connected to an improperly 
terminated bus. 

Motorola recommends terminating HC/HCT-type buses 
with resistors to Vcc or GND of between 1 ki^ to 1 M12 in 
value. The choice of resistor value is a trade-off between 
speed and power consumption (see Bus Termination, this 
chapter). 

Some Motorola devices have analog I/O pins. These ana- 
log I/O pins should not be confused with digital I/O pins. Ana- 
log I/O pins may be modeled as in Figure 34. These devices 
can be used to pass analog signals, as well as digital signals, 
in the same manner as mechanical switches. 



INTERNAL 

CIRCUITRY 


Figure 33. Typical Digital I/O Pin 
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BUS TERMINATION 

Because buses tend to operate in harsh, noisy environ- 
ments, most bus lines are terminated via a resistor to Vcc oi” 
ground. This low impedance to Vqc o'' ground (depending on 
preference of a pull-up or pull-down logic level) reduces bus 
noise pickup. In certain cases a bus line may be released 
(put in a high-impedance state) by disabling all the 3-state 
bus drivers (see Figure 35). In this condition all HC/HCT in- 
puts on the bus would be allowed to float. A CMOS input or 
1/0 pin (when selected as an input) should never be allowed 
to float. (This is one reason why an HCT device may not be a 
drop-in replacement of an LSTTL device.) A floating CMOS 
input can put the device into the linear region of operation. In 
this region excessive current can flow and the possibility of 
logic errors due to oscillation may occur (see Inputs, this 
chapter). Note that when a bus is properly terminated with 
pull-up resistors, HC devices, instead of HCT devices, can 
be driven by an NMOS or LSTTL bus driver. HC devices are 
preferred over HCT devices in bus applications because of 
their higher low level input noise margin. (With a 5 V supply 
the typical HC switch point is 2.3 V while the switch point of 
HCT is only 1 .3 V.) 

Some popular LSTTL bus termination designs may not 
work for HSCMOS devices. The outputs of HSCMOS may 
not be able to drive the low value of termination used by 
some buses. (This is another reason why an HCT device 
may not be a drop in replacement for an LSTTL device.) 
However, because low power operation is one of the main 
reasons for using CMOS, an optimized CMOS bus termina- 
tion is usually advantageous. 


Vcc 



BUS 



Figure 35. Typical Bus Line with 3-State Bus Drivers 


The choice of termination resistances is a trade-off be- 
tween speed and power consumption. The speed of the bus 
is a function of the RC time constant of the termination resis- 
tor and the parasitic capacitance associated with the bus. 
Power consumption is a function of whether a pull-up or 
pull-down resistor is used and the output state of the device 
that has control of the bus (see Figure 36). The lower the ter- 
mination resistor the faster the bus operates, but more power 
is consumed. A large value resistor wastes less power, but 
slows the bus down. Motorola recommends a termination re- 
sistor value between 1 kQ and 1 MQ. An alternative to a pas- 
sive resistor termination would be an active-type termination 
(see Figure 37). This type termination holds the last logic lev- 
el on the bus until a driver can once again take control of the 
bus. An active termination has the advantage of consuming a 
minimal amount of power. Most HC/HCT bus drivers do not 
have built-in hysteresis. Therefore, heavily loaded buses 
can slow down rise and fall signals and exceed the input rise/ 
fall time defined in JEDEC Standard No. 7A. In this event, 
devices with Schmitt-triggered inputs should be used to 
condition these slow signals. 



BUS 



Figure 36. 
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TRANSMISSION LINE TERMINATION 



When data is transmitted over long distances, the line on 
which the data travels can be considered a transmission line. 
(Long distance is relative to the data rate being transmitted.) 
Examples of transmission lines include high-speed buses, 
long PCB lines, , coaxial and ribbon cables. All transmission 
lines should be properly terminated into a low-impedance 
termination. A low-impedance termination helps eliminate 
noise, ringing, overshoot, and crosstalk problems. Also a 
low-impedance termination reduces signal degradation be- 
cause the small values of parasitic line capacitance and in- 
ductance have lesser effect on a low-impedance line. 

The value of the termination resistor becomes a trade-off 
between power consumption, data rate speeds, and trans- 
mission line distance. The lower the resistor value, the faster 
data can be presented to the receiving device, but the more 
power the resistor consumes. The higher the resistor value, 
the longer it will take to charge and discharge the transmis- 
sion line through the termination resistor (T = R • C). 

Transmission line distance becomes more critical as data 
rates increase. As data rates increase, incident (and reflec- 
tive) waves begin to resemble that of RF transmission line 
theory. However, due to the nonlinearity of CMOS digital log- 
ic, conventional RF transmission theory is not applicable. 

HC devices are preferred over HCT devices due to the fact 
that HC devices have higher switch points than HCT devices. 
This higher switch point allows HC devices to achieve better 
incident wave switching on lower impedance lines. 

HC/HCT may not have enough drive capability to interface 
with some of the more popular LSTTL transmission lines. 
(Possible reason why an HCT device may not be a drop-in 
replacement of an equivalent TTL device.) This does not 
pose a major problem since having larger value termination 
resistors is desirable for CMOS type transmission lines. 

By increasing the termination resistance value, the CMOS 
advantage of low power consumption can be realized. 
Motorola recommends a minimum termination resistor value 
as shown in Figure 38. The termination resistor should be as 
close to the receiving unit as possible. Another method of ter- 
minating the line driver, as well as the receiving unit, is 


shown in Figure 39. Note that the resistor values in Figure 39 
are twice the resistor value of Figure 38; this gives a net 
equivalent termination value of Figure 38. Even higher val- 
ues of resistors may be used for either termination method. 
This reduces power consumption, but at the expense of 
speed and possible signal degradation. 
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Figure 38. Termination Resistors at the Receiver 


Vcc Vcc 



Figure 39. Termination Resistors at 
Both the Line Driver and Receiver 


CMOS LATCH UP 

Typically, HSCMOS devices do not latch up with currents 
of 75 mA forced into or out of the inputs or 300 mA for the 
outputs under worst case conditions (Ta = 1 25°C and Vqc = 
6 V). Under dc conditions for the inputs, the input protection 
network typically fails, due to grossly exceeding the maxi- 
mum input voltage rating of - 1 .5 to Vcc + 1 -5 V before latch- 
up currents are reached. For most designs, latch up will not 
be a problem, but the designer should be aware of it, what 
causes it, and how it can be prevented. 

Figure 40 shows the layout of a typical CMOS inverter and 
Figure 41 shows the parasitic bipolar devices that are 
formed. The circuit formed by the parasitic transistors and re- 
sistors is the basic configuration of a silicon controlled rectifi- 
er, or SCR. In the latch-up condition, transistors Q1 and Q2 
are turned on, each providing the base current necessary for 
the other to remain in saturation, thereby latching the device 
on. Unlike a conventional SCR, where the device is turned 
on by applying a voltage to the base of the NPN transistor, 
the parasitic SCR is turned on by applying a voltage to the 
emitter of either transistor. The two emitters that trigger the 
SCR are the same point, the CMOS output. Therefore, to 
latch up the CMOS device, the output voltage must be great- 
er than Vcc + 0.5 V or less than - 0.5 V and have sufficient 
current to trigger the SCR. The latch-up mechanism is simi- 
lar for the inputs. 

Once a CMOS device is latched up, if the supply current is 
not limited, the device can be destroyed or its reliability can 
be degraded. Ways to prevent such an occurrence are listed 
below. 
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1 . Industrial controllers driving relays or motors is an envi- 
ronment in which latch up is a potential problem. Also, 
the ringing due to inductance of long transmission lines 
in an industrial setting could provide enough energy to 
latch up CMOS devices. Opto-isolators, such as 
Motorola’s MOC3011, are recommended to reduce 
chances of latch up. See the Motorola Semiconductor 
Master Selection Guide for a complete listing of 
Motorola opto-isolators. 

2. Ensure that inputs and outputs are limited to the maxi- 
mum rated values. 

- 1 .5 < Vjn Vcc +1 -5 V referenced to GND or 

- 0.5 < Vjn ^ Vcc +0-5 V referenced to GND 

- 0.5 < Vout ^ Vcc +0-5 V referenced to GND 
lljpl ^ 20 mA 

I lout' - 25 mA for standard outputs 
llout* ^ 35 mA for bus-driver outputs 

3. If voltage transients of sufficient energy to latch up the 
device are expected on the inputs or outputs, external 
protection diodes can be used to clamp the voltage. 


Another method of protection is to use a series resistor 
to limit the expected worst case current to the maximum 
ratings value. See Handling Precautions for other 
possible protection circuits and a discussion of ESD 
prevention. 

4. Sequence power supplies so that the inputs or outputs 
of HSCMOS devices are not active before the supply 
pins are powered up (e.g., recessed edge connectors 
and/or series resistors may be used in plug-in board ap- 
plications). 

5. Voltage regulating and filtering should be used in board 
design and layout to ensure that power supply lines are 
free of excessive noise. 

6. Limit the available power supply current to the devices 
that are subject to latch-up conditions. This can be ac- 
complished with the power-supply filtering network or 
with a current-limiting regulator. 

RECOMMENDED READING 

Paul Mannone, “Careful Design Methods Prevent CMOS 

Latch-Up”, EDN, January 26, 1984. 
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MAXIMUM POWER DISSIPATION 



The maximum power dissipation for Motorola HSCMOS 
packages is 750 mW for both ceramic and plastic DIPs and 
500 mW for SOIC packages. The deratings are - 10 mW/°C 
from 65°C for plastic DIPs, - 10 mW/°C from 100°C for 
ceramic packages, and - 7 mW/°C from 65 °C for SOIC 
packages. This is illustrated in Figure 42. 



tP -40 0 40 80 120 


Ta, ambient temperature (°C) 

Figure 42. Maximum Package Power 
Dissipation versus Temperature 


Worst-case Iqc occurs at Vqq = 6.0 V. The value of Iqc 
V cc = 6 0 V, as specified in the data sheets, is used for all 
power supply voltages from 2 to 6 V. 

HCT QUIESCENT POWER DISSIPATION 

Although HCT devices belong to the CMOS family, their in- 
put voltage specifications are identical to those of LSTTL. 
HCT parts can therefore be either judiciously substituted for 
or mixed with LS devices in a system. 

TTL output voltages are Vql = 0.4 V (max) and Vqh = 2.4 
to 2.7 V (min). 

Slightly higher Iqc current exists when an HCT device is 
driven with Vql = 0.4 V (max) because this voltage is high 
enough to partially turn on the N-channel transistor. How- 
ever, when being driven with a TTL Vqh. HCT devices exhibit 
large additional current flow (AIqc) specified on HCT de- 
vice data sheets. AIqc current is caused by the off-rail Input 
voltage turning on both the P and N channels of the input 
buffer. This condition offers a relatively low impedance path 
from Vqc to GND. Therefore, the HCT quiescent power dis- 
sipation is dependent on the number of inputs applied at the 
TTL V|H logic voltage level. 

The equation for HCT quiescent power dissipation is given 
by: 


pd = iccVcc + TiAIccVcC 

where r\ = the number of inputs at the TTL V|h level. 


Internal heat generation in HSCMOS devices comes from 
two sources, namely, the quiescent power and dynamic pow- 
er consumption. 

In the quiescent state, either the P-channel or N-channel 
transistor in each complementary pair is off except for small 
sou rce-to-d rain leakage due to the inputs being either at 
Vcc or ground. Also, there are the small leakage currents 
flowing In the reverse-biased input protection diodes and the 
parasitic diodes on the chip. The specification which takes all 
leakage into account is called Maximum Quiescent Supply 
Current (per package), or Iqq, and is shown on all data 
sheets. 

The three factors which directly affect the value of quies- 
cent power dissipation are supply voltage, device complexity, 
and temperature. On the data sheets, Iqc 's specified only at 
Vcc = 6.0 V because this is the worst-case supply voltage 
condition. Also, larger or more complex devices consume 
more quiescent power because these devices contain a pro- 
portionally greater reverse-biased diode junction area and 
more off (leaky) FETs. 

Finally, as can be seen from the data sheets, temperature 
increases cause Ice increases. This is because at higher 
temperatures, leakage currents increase. 

HC QUIESCENT POWER DISSIPATION 

When HC device inputs are virtually at Vcc o*” poten- 
tial (as in a totally CMOS system), quiescent power dissipa- 
tion is minimized. The equation for HC quiescent power 
dissipation is given by: 

Pd = vcc'cc 


HC AND HCT DYNAMIC POWER DISSIPATION 

Dynamic power dissipation is calculated in the same way 
for both HC and HCT devices. The three major factors which 
directly affect the magnitude of dynamic power dissipation 
are load capacitance, internal capacitance, and switching 
transient currents. 

The dynamic power dissipation due to capacitive loads is 
given by the following equation: 

PD = CLVcc2f 

where Pp = power in pW, Cl = capacitive load in pF, 
Vqc = supply voltage in volts, and f = output frequency driv- 
ing the load capacitor in MHz. 

All CMOS devices have internal parasitic capacitances 
that have the same effect as external load capacitors. The 
magnitude of this internal no-load power dissipation capaci- 
tance, CpD, is specified as a typical value. 

Finally, switching transient currents affect the dynamic 
power dissipation. As each gate switches, there is a short pe- 
riod of time in which both N- and P-channel transistors are 
partially on, creating a low-impedance path from Vqq to 
ground. As switching frequency increases, the power dis- 
sipation due to this effect also increases. 

The dynamic power dissipation due to Cpp and switching 
transient currents is given by the following equation: 

Pd = CpDVcc2f 

Therefore, the total dynamic power dissipation is given by: 

PD = (CL + CpD)Vcc2f 
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Total power dissipation for HC and HCT devices is merely 
a summation of the dynamic and quiescent power dissipation , 
elements. When being driven by CMOS logic voltage levels 
(rail to rail), the total power dissipation for both HC and HCT 
devices is given by the equation; 

pd = vccicc + (Cl + CpD)Vcc^f 

When being driven by LSTTL logic voltage levels, the total 
power dissipation for HCT devices is given by the equation: 

Pd =VccICC + VccAICC(S, + 62 + ... + 6n) 

+ (CL + CpD)Vcc2f 

where 6n = duty cycle of LSTTL output applied to each input 
of an HCT device. 

THERMAL MANAGEMENT 

Circuit performance and long-term circuit reliability are af- 
fected by die temperature. Normally, both are improved by 
keeping the 1C junction temperatures low. 

Electrical power dissipated in any integrated circuit is a 
source of heat. This heat source increases the temperature 
of the die relative to some reference point, normally the am- 
bient temperature of 25°C in still air. The temperature in- 
crease, then, depends on the amount of power dissipated in 
the circuit and on the net thermal resistance between the 
heat source and the reference point. See page 2-7 for the 
calculation of CMOS power consumption. 

The temperature at the junction is a function of the packag- 
ing and mounting system’s ability to remove heat generated 
in the circuit — from the junction region to the ambient envi- 
ronment. The basic formula for converting power dissipation 
to estimated junction temperature is: 

Tj = TA + PD(ejC + 9CA) (1) 

or 


Tj = Ta + Pd(0JA) (2) 

where 

Tj = maximum junction temperature 

Ta = maximum ambient temperature 

Pd = calculated maximum power dissipation including 
effects of external loads (see Power Dissipation 
on page 2-16). 

0JC = average thermal resistance, junction to case 

0CA = average thermal resistance, case to ambient 

0JA = average thermal resistance, junction to ambient 

This Motorola recommended formula has been approved 
by RADC and DESC for calculating a “practical” maximum 
operating junction temperature for MIL-M-38510 (JAN) de- 
vices. 

Only two terms on the right side of equation ( 1 ) can be 
varied by the user — the ambient temperature, and the de- 
vice case-to-ambient thermal resistance, 0CA- (To some ex- 
tent the device power dissipation can also be controlled, but 
under recommended use the Vcc supply and loading dictate 
a fixed power dissipation.) Both syst^ air flow and the pack- 
age mounting technique affect the Oqa thermal resistance 
term. 0jc is essentially independent of air flow and external 
mounting method, but is sensitive to package material, die 
bonding method, and die area. 

For applications where the case is held at essentially a 
fixed temperature by mounting on a large or temperature- 
controlled heat sink, the estimated junction temperature is 
calculated by: 

Tj = Tc-t-PD(0JC) (3) 

where Tq = maximum case temperature and the other pa- 
rameters are as previously denned. 

The maximum and average 0jc resistance values for stan- 
dard 1C packages are given in Table 2. 



Table 2. Thermal Resistance Values for Standard I/C Packages 
Thermal Resistance In Still Air 


Package Description 


No. 

Body 

Body 

Body 

Die 

Die Area 

Flag Area 

ejc (°C/Watt) 

Leads 

Style 

Material 

WxL 

Bonds 

(Sq. Mils) 

(Sg. Mils) 

Avg. 

Max. 

14 

DIL 

Epoxy 

1/4"x3/4" 

Epoxy 

4096 

6,400 

38 

61 

16 

DIL 

Epoxy 

1/4" X 3/4" 

Epoxy 

4096 

12,100 

34 

54 

20 

DIL 

Epoxy 

0.35" X 0.35" 

Epoxy 

4096 

14,400 

N/A 

N/A 

NOTES: I 


1 . All plastic packages use copper lead frames. 

2. Body style DIL is “Dual-In-Line.” 

3. Standard Mounting Method: Dual-ln-Line Socket or P/C board with no contact between bottom of package and socket or P/C board. 
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AIR FLOW 

The effect air flow over the packages on Gja (due to a 
decrease in Gqa) reduces the temperature rise of the pack- 
age, therefore permitting a corresponding increase in power 
dissipation without exceeding the maximum permissible op- 
erating junction temperature. 

Even though different device types mounted on a printed 
circuit board may each have different power dissipations, all 
will have the same input and output levels provided that each 
is subject to identical air flow and the same ambient air tem- 
perature. This eases design, since the only change in levels 
between devices is due to the increase In ambient tempera- 
tures as the air passes over the devices, or differences in 
ambient temperature between two devices. 

The majority of users employ some form of air-flow cool- 
ing. As air passes over each device on a printed circuit 
board. It absorbs heat from each package. This heat gradient 
from the first package to the last package is a function of the 
air flow rate and individual package dissipations. Table 3 pro- 
vides gradient data at power levels of 200 mW, 250 mW, 300 
mW, and 400 mW with an air flow rate of 500 If pm. These 
figures show the proportionate increase in the junction tem- 
perature of each dual in-line package as the air passes over 
each device. For higher rates of air flow the change in junc- 
tion temperature from package to package down the air- 
stream will be lower due to greater cooling. 


Table 3. Thermal Gradient of Junction Temperature 
(16-Pin Dual-ln-Line Package) 


Power Dissipation 
(mW) 

Junction Temperature Gradient 
(°C/Package) 

200 

0.4 

250 

0.5 

300 

0.63 

400 

0.88 


Devices mounted on 0.062" PC board with Z axis spacing of 0.5". 
Air flow is 500 Ifpm along the Z axis. 


Table 4 is graphically illustrated in Figure 43 which shows 
that the reliability for plastic and ceramic devices is the same 
until elevated junction temperatures induce intermetallic fail- 
ures in plastic devices. Early and mid-life failure rates of plas- 
tic devices are not effected by this intermetallic mechanism. 

PROCEDURE 

After the desired system failure rate has been established 
for failure mechanisms other than intermetallics, each device 


in the system should be evaluated for maximum junction 
temperature. Knowing the maximum junction temperature, 
refer to Table 4 or Equation ( 1 ) on page 2-17 to determine 
the continuous operating time required to 0.1% bond failures 
due to intermetallic formation. At this time, system reliability 
departs from the desired value as indicated in Figure 43. 

Air flow is one method of thermal management which 
should be considered for system longevity. Other commonly 
used methods include heat sinks for higher powered de- 
vices, Refrigerated air flow and lower density board stuffing. 
Since Gqa is entirely dependent on the application, it is the 
responsibility of the designer to determine its value. This can 
be achieved by various techniques including simulation, 
modeling, actual measurement, etc. 

The material presented here emphasizes the need to con- 
sider thermal management as an integral part of system de- 
sign and also the tools to determine if the management 
methods being considered are adequate to produce the de- 
sired system reliability. 


Table 4. Device Junction Temperature versus 
Time to 0.1% Bond Failures 


Junction 
Temperature °C 

Time, Hours 

Time, Years 

80 

1,032,200 

117.8 

90 

419,300 

47.9 

100 

178,700 

20.4 

110 

79,600 

9.4 

120 

37,000 

4.2 

130 

17,800 

2.0 

140 

8,900 

1.0 


FAILURE RATE OF PLASTIC = CERAMIC 
UNTIL INTERMETALLICS OCCUR 
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CAPACITIVE LOADING EFFECTS 
ON PROPAGATION DELAY 

In addition to temperature and power-supply effects, ca- 
pacitive loading effects should be taken into account. The 
additional propagation delay may be calculated if the short 
circuit current for the device is known. Expected minimum 
numbers may be determined from Table 5. 

From the equation 



this approximation follows: 


CAV 

At 


so 


At: 


CAV 

I 


tpT = tp + 0.5 Vcc (Cl - 50 pF)/los 
where tpj = total propagation delay 

tp = specified propagation delay with 50 pF load 
Cl = actual load capacitance 
Iqs = short circuit current (Table 5) 

An example is given here for tpHL of fh® 74HC00 driving a 
150 pF load. 

Vcc = 4.5 V 
tpHL (50 pF) = 18 ns 
Cl = 150 pF 

Iqs = 


fPHL (150 pF) = 18 ns + 


(0.5)(4.5 V)(150 pF-50 pF) 
17.3 mA 


= 18 ns + 13 ns 


= 31 ns 


or 


C(0.5Vcc) 

At= ^ 

because the propagation delay is measured to the 50% point 
of the output waveform (typically 0.5 Vcc)- 
This equation gives the general form of the additional prop- 
agation delay. To calculate the propagation delay of a device 
for a particular load capacitance, Cl, the following equation 
may be used. 


Another example for Cl = 0 pF and all other parameters the 
same. 


tpHL (0 pF) = 18 ns + 


(0.5)(4.5 V)(0 pF-50 pF) 
17.3 mA 


= 18 ns + (- 6.5 ns) 



tpHL = 11.5 ns 

This method gives the expected propagation delay and is in- 
tended as a design aid, not as a guarantee. 


Table 5. Expected Minimum Short Circuit Currents* 




Standard Drivers 

Bus Drivers 


Parameter 

Vcc 

25°C 

85° C 

125°C 

25°C 

85° C 

125°C 

Unit 

Output Short Circuit Source Current 

2.0 

1.89 

1.83 

1.80 

3.75 

3.64 

3.60 

mA 


4.5 

18.5 

15.0 

13.4 

37.0 

30.0 

26.6 



6.0 

35.2 

28.0 

24.6 

70.6 

56.1 

49.2 


Output Short Circuit Sink Current 

2.0 

1.55 

1.55 

1.55 



2.43 

mA 


4.5 

17.3 

14.0 

12.5 



19.6 



6.0 

33.4 

26.5 

23.2 



36.5 



‘These values are intended as design aids, not as guarantees. 
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TEMPERATURE EFFECTS ON SUPPLY VOLTAGE EFFECTS ON DRIVE 

DC AND AC PARAMETERS CURRENT AND PROPAGATION DELAY 


One of the inherent advantages of CMOS devices is that 
characteristics of the N- and P-channel transistors, such as 
drive current, channel resistance, propagation delay, and 
output transition time, track each other over a wide tempera- 
ture range. Figure 44 shows the temperature relationships 
for these parameters. To illustrate the effects of temperature 
on noise margin. Figure 45 shows the typical transfer char- 
acteristics for devices with buffered inputs and outputs. Note 
that the typical switch point is at 45% of the supply voltage 
and is minimally affected by temperature. 

The graphs in this section are intended to be design aids, 
not guarantees. 


The transconductive gain, lout/Vjn. of MOSFETs is pro- 
portional to the gate voltage minus the threshold voltage, 
Vg “ Vj. The gate voltage at the input of the final stage of 
buffered devices is approximately the power supply voltage, 
Vcc or GND. Because Vq = Vqc or GND, the output drive 
current is proportional to the supply voltage. Propagation de- 
lays for CMOS devices are also affected by the power supply 
voltage, because most of the delay is due to charging and 
discharging internal capacitances. Figure 46 and Figure 47 
show the typical variation of current drive and propagation 
delay, normalized to Vcc = 4.5 V for 2.0 < Vcc - 6 0 V. 
These curves may be used with the tables on each data 
sheet to arrive at parametric values over the voltage range. 




Ta, ambient temperature {°C) 



Vcc. POWER SUPPLY VOLTAGE (V) 


Figure 44. Characteristics of Drive Current, 
Channel Resistance, and AC Parameters 
Over Temperature 


Figure 46. Drive Current versus Vcc 
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Figure 45. Temperature Effects on the HC 
Transfer Characteristics 


Figure 47. Propagation Delay versus Vcc 
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DECOUPLING CAPACITORS 


INTERFACING 


The switching waveforms shown in Figure 48 and 
Figure 49 show the current spikes introduced to the power 
supply and ground lines. This effect is shown for a load ca- 
pacitance of less than 5 pF and for 50 pF. For ideal power 
supply lines with no series impedance, the spikes would 
pose no problem. However, actual power supply and ground 
lines do possess series impedance, giving rise to noise prob- 
lems. For this reason, care should be taken in board layouts, 
ensuring low impedance paths to and from logic devices. 

To absorb switching spikes, the following HSCMOS 
devices should be bypassed with good quality 0.022 pF to 

0.1 jiF decoupling capacitors: 

1 . Bypass every device driving a bus with all outputs 
switching simultaneously. 

2. Bypass all synchronous counters. 

3. Bypass devices used as oscillator elements. 

4. Bypass Schmitt-trigger devices with slow input rise and 
fall times. The slower the rise and fall time, the larger the 
bypass capacitor. Lab experimentation is suggested. 

Bypass capacitors should be distributed over the circuit 
board. In addition, boards could be decoupled with a 1 pF 
capacitor. 



BUFFERED DEVICE: INPUT V, tf < 500 ns. Cl < 5 pF 

Figure 48. Switching Currents for Cl < 5 pF 



BUFFERED DEVICE: INPUT tp tf < 500 ns, Cl < 5 pF 


HSCMOS devices have a wide operating voltage range 
(Vcc = 2 to 6 V) and sufficient current drive to interface with 
most other logic families available today. In this section, vari- 
ous interface schemes are given to aid the designer (see 
Figure 50 through Figure 55). The various types of CMOS 
devices with their input/output levels and comments are giv- 
en in Table 6. 

Motorola presently has available several CMOS memories 
and microprocessors (see Table 7) which are designed to di- 
rectly interface with High-Speed CMOS. With these devices 
now available, the designer has an attractive alternative to 
LSTTL/NMOS, and a total HSCMOS system is now possible. 
(See SGI 02, CMOS System 1C Selection Guide, for more in- 
formation.) 

Device designators are as follows: 

HC This is a high-speed CMOS device with CMOS input 
switching levels and buffered CMOS outputs. The 
numbering of devices with this designator follows the 
LSTTL numbering sequence. These devices are 
functional and pinout equivalents of LSTTL devices 
(e.g., HCOO, HC688, etc.). Exceptions to this are 
devices that are functional and pinout equivalents to 
metal-gate CMOS devices (e.g., HC4002, HC4538A, 
etc.). 

HCU This is an unbuffered high-speed CMOS device with 
only one stage between the input and output. Because 
this is an unbuffered device, input and output levels 
may differ from buffered devices. At present, the 
family contains only one unbuffered device, the 
HCU04A. 

HCT This is a high-speed CMOS device with an LSTTL- 
to-CMOS input buffer stage. These devices are 
designed to interface with LSTTL outputs operating at 
Vcc = 5 V ± 10%. HCT devices have fully buffered 
CMOS outputs that directly drive HSCMOS or LSTTL 
devices. 




Figure 50. HC to LSTTL Interfacing 



Vcc 


GND 


Vcc 


GND 


Figure 49. Switching Currents for Cl = 50 pF 


Figure 51. LSTTL to HCT Interfacing 
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Figure 52. LSTTL to HC Interfacing 



HC4050 



Figure 53. LSTTL to Low-Voltage HSCMOS 


Vdd = 3-15V*- Vcc = 2-6V 



HC4049/HC4050 


*VoH fTiust be greater than V|h of low voltage Device; 

VpD = 3-18 V may be used if interfacing to 14049UB/14050B. 

Figure 54. High Voltage CMOS to HSCMOS 


VCC/^DD Vdd/Vcc 



Figure 55. Up/Down Level Shifting Using 
the MC14504B 


Table 6. Interfacing Guide 


Device 

Input Level 

Output Level 

Comments 

HCXXX 

CMOS 

CMOS 

LSTTL Functional and Pinout Equivalent Devices 

HC4XXX 

CMOS 

CMOS 

CMOS Functional and Pinout Equivalent Devices 

HCUXX 

CMOS 

CMOS 

Used in Linear Applications 


TTL 

CMOS 

HSCMOS Device with TTL-to-CMOS Input Buffering 


mam 

CMOS 

High-to-Low Level Translators, CMOS Switching Levels 

MC14049UB 

MC14050B 

-0.5 < Vjn < 18 V 

CMOS 

Metal-Gate CMOS High-to-Low Level Translators, CMOS Switching Levels 

MC14504B 

CMOS or TTL 

CMOS 

Metal-Gate CMOS High-to-Low or Low-to-High Level Translator 


Table 7. CMOS Memories and Microprocessors 


CMOS 

Memories 

CMOS Microprocessors 

MCM6147 

MCM61L47 

MCM68HC34 

MC68HC01 MC146805G2 

MC68HC03 MC146805H2 

MC68HC11A8 MC1468705F2 

MC68HC11D4 MC1468705G2 

MC68HC811A2 MC68HC05C4 

MC68HC81 1 D4 MC68HSC05C4 

MC68HC04P3 MC68HC05C8 

MC146805E2 MC68HC805C4 

MC146805F2 MC68HC000 


RECOMMENDED READING 

S. Craig, “Using High-Speed CMOS Logic for Micropro- 
cessor Interfacing”, Application Note-868, Motorola Semi- 
conductor Products Inc., 1982. 
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TYPICAL PARAMETRIC VALUES 

Given a fixed voltage and temperature, the electrical char- 
acteristics of High-Speed CMOS devices depend primarily 
on design, layout, and processing variations inherent in 
semiconductor fabrication. 

A preliminary evaluation of each device type essentially 
guarantees that the design and layout of the device conforms 
to the criteria and standards set forth in the design goals. 
With very few exceptions, device electrical parameters, once 
established, do not vary due to design and layout. 

Of much more concern is processing variation. A digital 
processing line is allowed to deviate over a fairly broad pro- 
cessing range. This allows the manufacturer to incur reduced 
processing costs. These reduced processing costs are 
passed on to the consumer in the form of lower device 
prices. 

Processing variation is the range from worst case to best 
case processing and is defined as the process window. This 
window is established with the aid of statistical process con- 
trol (SPC). With SPC, when a processing parameter ap- 
proaches the process window limit, that parameter is 
adjusted toward the middle of the window. This keeps pro- 
cess variations within a predetermined tolerance. 

Motorola characterizes each device type over this process 
window. Each device type is characterized by allowing ex- 
perimental lots to be processed using worst case and best 
case processing. The worst case processed lots usually de- 
termine the minimum or maximum guaranteed limit. (Wheth- 
er the limit is a guaranteed minimum or maximum depends 
on the particular parameter being measured.) 

In production, these limits are guaranteed by probe and fi- 
nal test and therefore appear independent of process varia- 


tion to the end user. However, this does not hold true for the 
mean value of the total devices processed. The mean value, 
commonly referred to as a typical value, shifts over proces- 
sing and therefore varies from lot to lot or even wafer to wafer 
within a lot. 

As with all processing or manufacturing, the total devices 
being produced fit the normal distribution or bell curve of 
Figure 56. In order to guarantee a valid typical value, a typi- 
cal number plus a tolerance, would have to be specified and 
tested (see Figure 57). However, this would greatly increase 
processing costs which would have to be absorbed by the 
consumer. 

In some cases, the device’s actual values are so small that 
the resolution of the automatic test equipment determines 
the guaranteed limit. An example of this is quiescent supply 
current and input leakage current. 

Most manufacturers provide typical numbers by one of two 
methods. The first method is to simply double or halve, de- 
pending on the parameter, the guaranteed limit to determine 
a typical number. This would theoretically put all processed 
lots in the middle of the process window. Another approach 
to typical numbers is to use a typical value that is derived 
from the aforementioned experimental lots. However, neither 
method accurately reflects the mean value of devices any 
one consumer can expect to receive. 

Therefore, the use of typical parametric numbers for de- 
sign purposes does not constitute sound engineering design 
practice. Worst case analysis dictates the use of guaranteed 
minimum or maximum values. The only possible exception 
would be when no guaranteed value is given. In this case a 
typical value may be used as a ballpark figure. 




MEAN (TYP) 
VALUE 



Figure 57. 
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REDUCTION OF ELECTROMAGNETIC 
INTERFERENCE (EMI) 



Electromagnetic interference (EMI) and radio frequency 
interference (RFI) are phenomena inherent in all electrical 
systems covering the entire frequency spectrum. Although 
the characteristics have been well documented, EMI remains 
difficult to deal with due to numerous variables. EMI should 
be considered at the beginning of a design, and taken into 
account during all stages, including production and beyond. 

These entities must be present for EMI to be a factor: (1) a 
source of EMI, (2) a transmission medium for EMI, and (3) a 
receiver of EMI. Several sources include relays, FM transmit- 
ters, local oscillators in receivers, power lines, engine igni- 
tions, arc welders, and lighting. EMI transmission paths 
include ground connections, cables, and the space between 
conductors. Some receivers of EMI are radar receivers, com- 
puters, and television receivers. 

For microprocessor based equipment, the source of emis- 
sions is usually a current loop on a PC board. The chips and 
their associated loop areas also function as receivers of EMI. 
The fact is that PC boards which radiate high levels of EM! 
are also more likely to act as receivers of EMI. 

All logic gates are potential transmitters and receivers of 
emissions. Noise immunity and noise margin are two criteri- 
on which measure a gate’s immunity to noise which could be 
caused by EMI. CMOS technology, as opposed to the other 
commonly used logic families, offers the best value for noise 
margin, and is therefore an excellent choice when consider- 
ing EMI. 

The electric and magnetic fields associated with ICs are 
proportional to the current used, the current loop area, and 
the switching transition times. CMOS technology Is preferred 
due to smaller currents. Also, the current loop area can be 
reduced by the use of surface mount packages. 

In a system where several pieces of equipment are con- 
nected by cables, at least five coupling paths should be tak- 
en into account to reduce EMI. They are: (1 ) common ground 
impedance coupling (a common impedance is shared be- 
tween an EMI source and receiver), (2) common-mode, 
field-to-cable coupling (electromagnetic fields enter the loop 
found by two pieces of equipment, the cable connecting 
them, and the ground plane), (3) differential-mode, field-to- 
cable coupling (electromagnetic fields enter the loop formed 
by two pieces of equipment and the cable connecting them), 
(4) crosstalk coupling (signals in one transmission line are 
coupled into another transmission line), and (5) a conductive 
path through power lines. 

Shielding is a means of reducing EMI. Some of the more 
commonly used shields against EMI and RFI contain stain- 
less steel fiber-filled polycarbonate, aluminum flake-filled 
polycarbonate/ABS coated with nickel and copper electroly- 
sis plating or cathode sputtering, nickel coated graphite fiber. 


and polyester SMC with carbon-fiber veil. Several manufac- 
turers who make conductive compounds and additives are 
listed below. 

SHIELDING MANUFACTURERS 

General Electric Co., Plastics Group, Pittsfield, MA 
Mobay Chemical Corp., Pittsburgh, PA 
Wilson-Fiberfil International, Evansville, IN 
American Cyanamid Co., Wayne, NJ 
Finite U.S.A., Inc., Huntington, WV 
Transnet Corp., Columbus, OH 
Motorola does not recommend, or In any way warrant the 
manufacturers listed here. Additionally, no claim Is made that 
this list is by any means complete. 

RECOMMENDED READING 

D. White, K. Atkinson, and J. Osburn, “Taming EMI in Micro- 
processor Systems”, IEEE Spectrum, Vol. 22, Number 12, 
Dec. 1985. 

D. White and M. Mardiguian, EMI Control Methodology and 
Procedures, 1985. 

H. Denny, Grounding for the Control of EMI. 

M. Mardiguian, Howto Control Electrical Noise. 

D. White, Shielding Design Methodology and Procedures. 
For more information on this subject, contact: 

Interference Control Technologies 
Don White Consultants, Inc., Subsidiary 
State Route 625 
P.O. Box D 

Gainesville, VA 22065 


HYBRID CIRCUIT GUIDELINES 

High-Speed CMOS devices, when purchased In chip (die) 
form, are useful in hybrid circuits. Most high-speed devices 
are fabricated with P wells and N substrates. Therefore, the 
substrates should be tied to Vcc (+ supply). 

Several devices however, are fabricated with N wells and 
P substrates. In this case, the substrates should be tied to 
GND. The best solution to alleviate confusion about the sub- 
strate Is the use of nonconductive or insulative substrates. 
This averts the necessity of tying the substrate off to either 
Vcc or GND. 

For more information on hybrid technology, contact: 

International Society for Hybrid Microelectronics 
P.O. Box 3255 
Montgomery, AL 36109 
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SCHMITT-TRIGGER DEVICES 

Schmitt-trigger devices exhibit the effect of hysteresis. 
Hysteresis is characterized by two different switching thresh- 
old levels, one for positive-going input transitions and the 
other for negative-going input transitions. 

Schmitt triggers offer superior noise immunity when 
compared to standard gates and inverters. Applications for 
Schmitt triggers include line receivers, sine to square wave 
converters, noise filters, and oscillators. Motorola offers six 
versatile Schmitt-trigger devices in the High-Speed CMOS 
logic family (see Table 8). 

The typical voltage transfer characteristics of a standard 
CMOS inverter and a CMOS Schmitt-trigger inverter are 
compared in Figure 58 and Figure 59. The singular transfer 
threshold of the standard inverter is replaced by two distinct 
thresholds in a Schmitt-trigger inverter. During a positive- 
going transition of Vjn, the output begins to go low after the 
Vt+ threshold is reached. During a negative-going Vjp transi- 
tion, Vout begins to go high after the Vj- threshold is reached. 
The difference between Vt+ and Vj- is defined as Vh, the 
hysteresis voltage. 

As a direct result of hysteresis, Schmitt-trigger circuits 
provide excellent noise immunity and the ability to square up 


signals with long rise and fall times. Positive-going input 
noise excursions must rise above the Vj+ threshold before 
they affect the output. Similarly, negative-going input noise 
excursions must drop below the Vj- threshold before they af- 
fect the output. 

The HC132A can be used as a direct replacement for the 
HCOOA NAND gate, which does not have Schmitt-trigger ca- 
pability. The HC132A has the same pin assignment as the 
HCOOA. Schmitt-trigger logic elements act as standard logic 
elements in the absence of noise or slow rise and fall times, 
making direct substitution possible. 

Versatility and low cost are attractive features of CMOS 
Schmitt triggers. With six Schmitt triggers per HC14A pack- 
age, one trigger can be used for a noise elimination applica- 
tion while the other five function as standard inverters. 
Similarly, each of the four triggers in the HC132A can be 
used as either Schmitt triggers or NAND gates or some com- 
bination of both. 


Table 8. Schmitt-Trigger Devices 


HC14A 

Hex Schmitt-Trigger Inverter 

HCT14A 

Hex Schmitt-Trigger Inverter with LSTTL Inputs 

HC132A 

Quad 2-Input NAND Gate with Schmitt-Trigger 


Inputs 





Figure 59. Schmitt-Trigger Inverter Transfer Characteristic 
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OSCILLATOR DESIGN WITH HIGH-SPEED CMOS 


Oscillator design is a fundamental requirement of many 
systems and several types are discussed in this section. In 
general, an oscillator is comprised of two parts: an active net- 
work and a feedback network. The active network is usually 
in the form of an amplifier, or an unbuffered inverter, such as 
the HCU04. The feedback network is mainly comprised of re- 
sistors, capacitors, and depending upon the application, a 
quartz crystal or ceramic resonator. 

Buffered inverters are never recommended in oscillator 
applications due to their high gain and added propagation 
delay. For this reason Motorola manufactures the HCU04, 
which is an unbuffered hex inverter. 

Oscillators for use in digital systems fall into two general 
categories, RC oscillators and crystal or ceramic resonator 
oscillators. Crystal oscillators have the best performance, but 
are more costly, especially for nonstandard frequencies. RC 
oscillators are more useful in applications where stability and 
accuracy are not of prime importance. Where high perfor- 
mance at low frequencies is desired, ceramic resonators are 
sometimes used. 


RC OSCILLATORS 



The circuit in Figure 60 shows a basic RC oscillator using 
the HCU04. When the input voltage of the first inverter reach- 
es the threshold voltage, the outputs of the two inverters 
change state, and the charging current of the capacitor 
changes direction. The frequency at which this circuit oscil- 
lates depends upon R1 and C. The equation to calculate 
these component values is given in Figure 60. 


1/6HCU04 1/6HCU04 BUFFER 



Certain constraints must be met while designing this type 
of oscillator. Stray capacitance and inductance must be kept 
to a minimum by placing the passive components as close to 
the chip as possible. Also, at higher frequencies, the 
HCU04’s propagation delay becomes a dominant effect and 
affects the cycle time. A polystyrene capacitor is recom- 
mended for optimum performance. 

CRYSTAL OSCILLATORS 

Crystal oscillators provide the required stability and accu- 
racy which is necessary in many applications. The crystal 
can be modeled as shown in Figure 62. 

The power dissipated in a crystal is referred to as the drive 
level and is specified in mW. At low drive levels, the resonant 
resistance of the crystal can be so large as to cause start-up 
problems. To overcome this problem, the amplifier (inverter) 
should provide enough amplification, but not too much as to 
overdrive the crystal. 

Figure 61 shows a Pierce crystal oscillator circuit, which is 
a popular configuration with CMOS. 


1/6HCU04 1/6HCU04 



Figure 61. Pierce Crystal Oscillator Circuit 


Choosing R1 

Power is dissipated in the effective series resistance of the 
crystal. The drive level specified by the crystal manufacturer 
is the maximum stress that a crystal can withstand without 
damage or excessive shift in frequency. R1 limits the drive 
level. 



Values are supplied by the crystal manufacturer 
(parallel resonant crystal) 


Xe 2 

■CD o 


Figure 62. Equivalent Crystal Networks 
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To verify that the maximum dc supply voltage does not 
overdrive the crystal, monitor the output frequency at OSC 
Out 2. The frequency should increase very slightly as the dc 
supply voltage is increased. An overdriven crystal decreases 
in frequency or becomes unstable with an increase in supply 
voltage. The operating supply voltage must be reduced or Rl 
must be increased in value if the overdriven condition exists. 
The user should note that the oscillator start-up time is pro- 
portional to the value of R1 . 

Selecting Rf 

The feedback resistor (Rf) typically ranges up to 20 MD. Rf 
determines the gain and bandwidth of the amplifier. Proper 
bandwidth ensures oscillation at the correct frequency plus 
roll-off to minimize gain at undesirable frequencies, such as 
the first overtone. Rf must be large enough so as not to affect 
the phase of the feedback network in an appreciable manner. 

RECOMMENDED READING 

D. Babin, “Designing Crystal Oscillators”, Machine Design, 
March 7, 1985. 

D. Babin, “Guidelines for Crystal Oscillator Design”, Machine 
Design , April 25, 1985. 

PRINTED CIRCUIT BOARD LAYOUT 

Noise generators on the power supply lines should be 
decoupled. The two major sources of noise on the power 


supply lines are peak current in output stages during switch- 
ing and the charging and discharging of parasitic capaci- 
tances. 

A good power distribution network is essential before de- 
coupling can provide any noise reduction. Avoid using jump- 
ers for ground and power connections; the inductance they 
Introduce into the lines permits coupling between outputs. 
Therefore, use of PC boards with premanufactured ground 
connections is advised to connect the device pins to ground. 

However, the optimum solution is to use multi-layer PC 
boards where different layers are used for the supply rails 
and interconnections. Even with double-sided boards, plac- 
ing the power and ground lines on opposite sides of the 
board whenever possible is recommended. The multi-wire 
board is a less expensive approach than the multi-layer PC 
board, while retaining the same noise reduction characteris- 
tics. As a rule of thumb, there should be several ground pins 
per connector to give good ground distribution. 

The precautions for ground lines also apply to Vqq lines: 
1) separate power stabilization for each board; 2) isolate 
noise sources; and 3) avoid the use of large, single voltage 
regulators. 

After all of these precautions, decoupling is an added mea- 
sure to reduce supply noise. See the Decoupling Capaci- 
tors section. 
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HC vs. HCT 

Motorola’s High-Speed CMOS is intended to give the de- 
signer an alternative to LSTTL. HSCMOS, with the faster 
speed advantage over metal-gate CMOS (MC14000 series) 
and the lower power consumption advantage over LSTTL, is 
an optimum choice for new midrange designs. With the ad- 
vent of high-speed CMOS microprocessors and memories, 
the ability to design a 100% CMOS system is now possible. 

HCT devices offer a short-term solution to the TTL/ 
NMOS-to-CMOS interface problem. To achieve this in- 
terface capability, some CMOS advantages had to be 
compromised. These compromises include power consump- 
tion, operating voltage range, and noise immunity. 

In most cases HCT devices are drop-in replacements of 
TTL devices with significant advantages over the TTL de- 
vices, However, in some cases, an equivalent HCT device 
may not replace a TTL device without some form of circuit 
modification. 

The wise designer uses HCT devices to perform logic level 
conversions only. In new designs, the designer wants all the 


advantages of a true CMOS system and designs using only 
HC devices. 


“A” versus “Non-A” 

“A” Versus “Non-A” — Motorola has an on-going de- 
vice performance enhancement program for the Hi-Speed 
CMOS family. This is indicated by the “A” suffix of the device 
identification. Some of the characteristics of this “A” 
enhancement program are improved design, a better quality 
process, faster performing AC propagation delays and en- 
hancements to various DC characteristics. 

The old “Non-A” process was a 5 micron process that was 
modified to run a 3.5 micron family. The new “A” process is a 
true 3 micron process and gives better process control, with 
Improved performance and quality. 

GLOSSARY OF TERMS 

Cin Input Capacitance — The parasitic capacitance 
associated with a given input pin. 

Cl Load Capacitance — The capacitor value which loads 
each output during testing and/or evaluation. This 
capacitance is assumed to be attached to each output in 
a system. This includes all wiring and stray capacitance. 
Cout Output Capacitance — The capacitance associated 
with a three-state output in the high-impedance state. 
CpD Power Dissipation Capacitance — Used to determine 
device dynamicpowerdissipation, i.e., PD=CpDVcc^f 
+ Vccicc- See POWER SUPPLY 
SIZING for a discussion of Cpo. 

fmax Maximum Clock Frequency — The maximum clock- 
ing frequency attainable with the following Input and 
output conditions being met; 


Input Conditions — (HC) tf = tf = 6 ns, voltage 
swing from GND to Vqc with 50% duty cycle. (HCT) tr = 
tf = 6 ns, voltage swing from GND to 3.0 V with 50% duty 
cycle. 

Output Conditions — (HC and HCT) waveform must 
swing from 10% of (Vqh “ Vql) to 90% of 
(VOH ~ Vql) be functionally correct underthe given 
load condition: Cl = 50 pF, all outputs. 

Vcc Positive Supply Voltage — + dc supply voltage 
(referenced to GND). The voltage range over which ICs 
are functional. 

Vjn Input Voltage — DC input voltage (referenced to GND). 

Vout Output Voltage — DC output voltage (referenced to 
GND). 

V|H Minimum High Level Input Voltage — The worst case 
voltage that is recognized by a device as the HIGH 
state. 

V|L Maximum Low Level Input Voltage — The worst case 
voltage that is recognized by a device as the LOW state. 

Vqh Minimum High Level Output Voltage — The worst 
case high-level voltage at an output for a given output 
current (lout) supply voltage (Vcc)- 

Vql Maximum Low Level Output Voltage — The worst 
case low-level voltage at an output for a given output 
current (lout) ^^d supply voltage (Vcc)- 

Vj+ Positive-Going Input Threshold Voltage — The 
minimum input voltage of a device with hysteresis which 
is recognized as a high level. (Assumes ramp up from 
previous low level.) 

Vj- Negative-Going Input Threshold Voltage — The 

maximum input voltage of a device with hysteresis 
which is recognized as a low level. (Assumes ramp 
down from previous high level). 

Vh Hysteresis Voltage — The difference between Vj+ and 

Vj- of a given device with hysteresis. A measure of 
noise rejection. 

Ice IC Quiescent Supply Current — The current into the 
Vcc when the device inputs are static at Vcc or GND 

and outputs are not connected. 

Alec Additional Quiescent Supply Current — The current 
into the Vcc P'o when one of the device inputs is at 2.4 V 
with respect to GND and the other inputs are static at 
Vcc or GND. The outputs are not connected. 

Ijn Input Current — The current into an input pin with the 
respective input forced to Vcc or GND. A negative sign 
indicates current is flowing out of the pin (source). A 
positive sign or no sign indicates current is flowing into 
the pin (sink). 

lout Output Current — The current out of an output pin. A 
negative sign indicates current is flowing out of the pin 
(source). A positive sign or no sign indicates current is 
flowing into the pin (sink). 

I|H Input Current (High) — The input current when the 
input voltage is forced to a high level. 
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l|L Input Current (Low) — The input current when the 
input voltage is forced to a low level. 

•oh Output Current (High) — The output current when the 
output voltage is at a high level. 

Iql Output Current (Low) — The output current when the 
output voltage is at a low level. 

Iqz Three-State Leakage Current — The current into or 
out of a three-state output in the high-impedance state 
with that respective output forced to Vqq or GND. 

tpLH Low-to-High Propagation Delay (HC) — The time 
interval between the 0.5 X/qc l^vel of the controlling 
input waveform and the 50% level of the output 
waveform, with the output changing from low level to 
high level. (HCT) — The time interval between the 1 .3 V 
level (with respect to GND) of the controlling input 
waveform and the 1 .3 V level (with respect to GND) of 
the output waveform, with the output changing from low 
level to high level. 

tpHL High-to~Low Propagation Delay (HC) — The time 
interval between the 0.5 Vcc level of the controlling 
input waveform and the 50% level of the output 
waveform, with the output changing from high level to 
low level. (HCT) — The time interval between the 1 .3 V 
level (with respect to GND) of the controlling input 
waveform and the 1 .3 V level (with respect to GND) of 
the output waveform, with the output changing from high 
level to low level. 

tpLZ Low-Level to High-Impedance Propagation Delay 
(Disable Time) — The time interval between the 0.5 
Vcc l®vel for HC devices (1 .3 V with respect to GND for 
HCT devices) of the controlling input waveform and the 
10% level of the output waveform, with the output 
changing from the low level to high-impedance (off) 
state. 

tpHZ High-Level to High-impedance Propagation Delay 
(Disable Time) — The time interval between the 0.5 
Vcc level for HC devices (1.3 V with respect to GND for 
HCT devices) of the controlling input waveform and the 
90% level of the output waveform, with the output 
changing from the high level to high-impedance (off) 
state. 

tpzL High-Impedance to Low-Level Propagation Delay 
(Enable Time) — The time interval between 0.5 Vcc 
level (HC) or 1.3 V level with respect to 
GND (HCT) of the controlling input waveform and the 
50% level (HC) or 1 .3 V level with respect to GND (HCT) 
of the output waveform, with the output changing from 
the high-impedance (off) state to a low level. 

tpzH High-Impedance to High-Level Propagation Delay 
(Enable Time) — The time interval between the 0.5 
Vcc level (HC) or 1.3 V level with respect 
to GND (HCT) of the controlling input waveform and the 
50% level (HC) or 1 .3 V level with respect to GND (HCT) 
of the output waveform, with the output changing from 
the high-impedance (off) state to a high level. 


tjLH Output Low-to-High Transition Time — The time 
interval between the 1 0% and 90% voltage levels of the 
rising edge of a switching output. 

tjHL Output High-to-Low Transition Time — The time 
interval between the 90% and 1 0% voltage levels of the 
falling edge of a switching output. 

tsu Setup Time — The time interval immediately preceed- 
ing the active transition of a clock or latch enable input, 
during which the data to be recognized must be 
maintained (valid) at the input to ensure proper recogni- 
tion. A negative setup time indicates that the data at the 
input may be applied sometime after the active clock or 
latch transition and still be recognized. For HC devices, 
the setup time is measured from the 50% level of the 
data waveform to the 50% level of the clock or latch 
input waveform. For HCT devices, the setup time is 
measured from the 1 .3 V level (with respect to GND) of 
the data waveform to the 1 .3 V level (with respect to 
GND) of the clock or latch input waveform. 

th Hold Time — The time interval immediately following 
the active transition of a clock or latch enable input, 
during which the data to be recognized must be 
maintained (valid) at the input to ensure proper recogni- 
tion. A negative hold time indicates that the data at the 
input may be changed prior to the active clock or latch 
transition and still be recognized. For HC devices, the 
hold time is measured from the 50% level of the clock or 
latch input waveform to the 50% level of the data 
waveform. For HCT devices, the hold time is measured 
from the 1.3 V level (with respect to GND) of the clock or 
latch input waveform to the 1 .3 V level (with respect to 
GND) of the data waveform. 

tree Recovery Time (HC) — The time interval between the 
50% level of the transition from active to inactive state of 
an asynchronous control input and the 50% level of the 
active clock or latch enable edge required to guarantee 
proper operation of a device. (HCT) — The time interval 
between the 1.3 V level (with respect to GND) of the 
transition from active to inactive state of an asynchro- 
nous control input and the 1 .3 V level (with respect to 
GND) of the active clock or latch edge required to 
guarantee proper operation of a logic device. 

tw Pulse Width (HC) — The time interval between 50% 
levels of an input pulse required to guarantee proper 
operation of a logic device. (HCT) — The time interval 
between 1 .3 V levels (with respect to GND) of an input 
pulse required to guarantee proper operation of a logic 
device. 

tr Input Rise Time (HC) — The time interval between the 
1 0% and 90% voltage levels on the rising edge of an 
input signal. (HCT) — The time interval between the 0.3 

V level and 2.7 V level (with respect to GND) on the 
rising edge of an input signal. 

tf Input Fall Time (HC) — The time interval between the 
90% and 10% voltage levels on the falling edge of an 
input signal. (HCT) — The time interval between the 2.7 

V level and 0.3 V level (with respect to GND) on the 
failing edge of an input signal. 
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APPLICATIONS ASSISTANCE FORM 


In the event that you have any questions or concerns about the performance of any Motorola device listed in this catalog, please 
contact your local Motorola sales office or the Motorola Help line for assistance. If further information is required, you can request 
direct factory assistance. 

Please fill out as much of the form as is possible if you are contacting Motorola for assistance or are sending devices back to 
Motorola for analysis. Your information can greatly improve the accuracy of analysis and can dramatically improve the correla- 
tion response and resolution time. 

Items 4 thru 8 of the following form contain important questions that can be invaluable in analyzing application or device prob- 
lems. It can be used as a self-help diagnostic guideline or for a baseline of information gathering to begin a dialog with Motorola 
representatives. 



MOTOROLA Device Correlation/Component Analysis Request Form 

— Please fill out entire form and return with devices to MOTOROLA INC., R&QA DEPT, 2200 W. Broadway, Mesa, AZ 85202. 

1) Name of Person Requesting Correlation: 

Phone No: Job Title: Company: 

2) Alternate Contact: Phone/Position: : 

3) Device Type (user part number): 

4) Industry Generic Device Type: 

5) # of devices tested/sampled: 

# of devices in question*: 

# returned for correlation: 

* In the event of 100% failure, does Customer have other date codes of Motorola devices that pass inspection? 

Yes No Please specify passing date code(s) if applicable 

* If none, does customer have viable alternate vendor(s) for device type? 

Yes No ' Alternate vendor’s name 

6) Date code(s) and Serial Number (s) of devices returned for correlation — If possible, please provide one or two “good” units 

(Motorola’s and/or other vendor) for comparison: 

7) Describe USER process that device(s) are questionable in: 

Incoming component inspection {test system = ?}: 

Design prototyping: 

Board test/burn-in: 

Other (please describe): 


8) Please describe the device correlation operating parameters as completely as possible for device(s) in question: 

> Describe ^ pin conditions (e.g., floating, high, low, under test, stimulated but not under test, whatever ...), including any input 
or output loading conditions (resistors, caps, clamps, driving devices or devices being driven ...). Potentially critical informa- 
tion includes: 

Input waveform timing relationships 

Input edge rates 

Input Overshoot or Undershoot — Magnitude and Duration 

Output Overshoot or Undershoot — Magnitude and Duration 

> Photographs, plots or sketches or relevent inputs and outputs with voltages and time divisions clearly identified for all wave- 
forms are greatly desirable . 

> Vcc ^ricl Ground waveforms should be carefully described as these characteristics vary greatly between applications and test 
systems. Dynamic characteristics of Ground and Vcc during device switching can dramatically effect input and internal oper- 
ating levels . Ground & Vcc measurements should be made as physically close to the device in question as possible. 

> Are there specific circumstances that seem to make the questionable unit(s) worse? Better? 

Temperature ^ 

Vcc 

Input rise/fall time 

Output loading (current/capacitance) 

Others 

> ATE functional data should include pattern with decoding key and critical parameters such as Vcc. voltages, Func step 
rate, voltage expected, time to measure. 
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This section contains the individual device 
datasheets for Motorola’s High-Speed CMOS 
family. 


Device Data Sheets 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Quad 2-Input HAND Gate 

High-Performance Silicon-Gate CMOS 

The MC54/74HC00A is identical in pinout to the LSOO. The device 
inputs are compatible with Standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 2 to 6V 

• Low Input Current: IpA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance With the JEDEC Standard No. 7A Requirements 

• Chip Complexity: 32 FETs or 8 Equivalent Gates 


LOGIC DIAGRAM 



PIN14 = Vcc 
PIN7 = GND 


Pinout: 14-Lead Packages (Top View) 




1 


D SUFFIX 

SOIC PACKAGE 
CASE 751A-03 


DT SUFFIX 

TSSOP PACKAGE 
^ CASE 948G-01 

ORDERING INFORMATION 

MC54HCXXAJ Ceramic 

MC74HCXXAN Plastic 

MC74HCXXAD SOIC 

MC74HCXXADT TSSOP 
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MC54/74HC00A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

'cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DIPt 

750 

mW 


SOIC Packagef 

500 



TSSOP Packagef 

450 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


Plastic DIP, SOIC or TSSOP Package 

260 



Ceramic DIP 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

±125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vcc = 6.0V 

0 

400 
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MC54/74HC00A 


DC CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Condition 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 25°C 

<85°C 

<125°C 

V|H 

Minimum High-Level Input Voltage 

Vout = 0.1Vor Vcc -0-1 V 

2.0 

1.50 

1.50 

1.50 

V 



"out' - 20pA 

3.0 

2.10 

2.10 

2.10 





4.5 

3.15 

3.15 

3.15 





6.0 

4.20 

4.20 

4.20 


V|L 

Maximum Low-Level Input Voltage 

Vout = 0.1V or Vcc -0.1V 

2.0 

0.50 

0.50 

0.50 

V 



"out' - 20pA 

3.0 

0.90 

0.90 

0.90 





4.5 

1.35 

1.35 

1.35 





6.0 

1.80 

1.80 

1.80 


VOH 

Minimum High-Level Output 

Vin = V|HorV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

"out' - 20pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin =V|H or V|l "out' ^ 2.4mA 

3.0 

2.48 

2.34 

2.20 




llout' ^ 4.0mA 

4.5 

3.98 

3.84 

3.70 




llout' ^ 5.2mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|HorV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

"out' - 20|iA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or VjL "out' ^ 2.4mA 

3.0 

0.26 

0.33 

0.40 




"out' — 4.0mA 

4.5 

0.26 

0.33 

0.40 




"out' — 5.2mA 

6.0 

0.26 

0.33 

0.40 


'in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

fiA 

'cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

1.0 

10 

40 

fiA 


Current (per Package) 

'out = OpA 







NOTE: Information on typical parametric values can be found in Chapter 2. 



AC CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 




O 

o> 

> 

Guaranteed Limit 


Symbol 

Parameter 

-55 to 25°C 

<85°C 

<125°C 

Unit 

tPLH- 

Maximum Propagation Delay, Input A or B to Output Y 

2.0 

75 

95 

110 

ns 

tPHL 

(Figures 1 and 2) 

3.0 

30 

40 

55 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


tTLH- 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 2) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

10 

10 

10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5 0 V Vee = 0 V 

CPD 

Power Dissipation Capacitance (Per Buffer)* 

22 


* Used to determine the no-load dynamic power consumption: Pq = Cpo VQc^f + IcC ^CC- considerations, see Chapter 2. 
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MC54/74HC00A 


INPUT 

AORB 


OUTPUT Y 



TEST 

POINT 



o 


OUTPUT 

DEVICE 


UNDER 


TEST 

•y. 





‘Includes all probe and jig capacitance 

Figure 2. Test Circuit 



Y 


Figure 3. Expanded Logic Diagram 
(1/4 of the Device) 


High-Speed CMOS Logic Data 
DL129 — Rev6 


3-5 


MOTOROLA 





MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 



Quad 2-Input NAND Gate with 
LSTTL-Compatible Inputs 

High-Performance Silicon-Gate CMOS 

The MC54/74HCT00A may be used as a level converter for interfacing 
TTL or NMOS outputs to high-speed CMOS inputs. 

The HCTOOA is identical in pinout to the LSOO. 

• Output Drive Capability: 10 LSTTL Loads 

• TTL/NMOS-Compatible Input Levels 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 4.5 to 5.5 V 

• Low Input Current: 1 .0 pA 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 48 FETs or 12 Equivalent Gates 


LOGIC DIAGRAM 



PIN14 = Vcc 
PIN7 = GND 


MC54/74HCT00A 


J SUFFIX 

CERAMIC PACKAGE 
CASE 632-08 


N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 


D SUFFIX 

SOIC PACKAGE 
CASE 751A-03 


ORDERING INFORMATION 

MC54HCTXXAJ Ceramic 

MC74HCTXXAN Plastic 

MC74HCTXXAD SOIC 





PIN ASSIGNMENT 

A1[ 


14 

^ Vcc 

B1[ 

2 

13 

] B4 

Y1[ 

3 

12 

] A4 

A2[ 

4 

11 

] Y4 

B2[ 

5 

10 

] B3 

Y2[ 

6 

9 

] A3 

GND[ 

7 

8 

] Y3 


FUNCTION TABLE 


Inputs 

Output 

A 

B 

Y 

L 

L 

H 

L 

H 

H 

H 

L 

H 

H 

H 

L 
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MC54/74HCT00A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

-0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

hn 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


SOIC or Plastic Package 

260 



Ceramic Dip 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
fDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125° C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vj^ and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time (Figure 1) 

0 

500 

ns 


DC CHARACTERISTICS FOR THE MC54/74HCT00A (Voltages Referenced to GND) 







Guaranteed Limits 






-55 to 









Vcc 

25°C 

.< 85° C 

< 125°C 



Parameter 

Test Conditions 

V 




Max 

Min 

Max 

Unit 

V|H 

Minimum High-Level 







2.00 


V 


Input Voltage 







2.00 



VJL 

Maximum Low-Level 

Vout = 0.1 or Vqq -0.1V 

4.5 


0.80 


0.80 


0.80 

V 


Input Voltage 

••out! — 20 |iA 

5.5 


0.80 


0.80 


0.80 


VOH 

Minimum High-Level 





4.40 


4.40 


V 


Output Voltage 





5.40 


5.40 





Vin = V|H orV|L 
••out^ — ^‘0 rnA 



■ 


■ 

3.70 



VOL 

Maximum Low-Level 

Vin = V|H orV|L 







0.10 

V 


Output Voltage 

••out! — 20 pA 







0.10 




Vin = V|H orV|L 
••out! = 4.0 mA 

H 






0.40 



Maximum Input Leakage 
Current 

Vin = VQC or GND 







±1.00 

pA 


Maximum Quiescent Sup- 

Vin = Vqq or GND 



■n| 




40 

HA 

■■ 

ply Current (per Package) 

llouti ^ 0 pA 

m 


■■ 







Additional Quiescent 

Vjn = 2.4 V, Any One Input 



>-55°C 

25 to125°C 



Supply Current 

Vin = Vqq or GND, Other Inputs 









■1 

1^1 

2.9 

2.4 

mA 


•out = 0 pA 


NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC54/74HCT00A 


AC CHARACTERISTICS FOR THE MC54/74HCT00A (Vcc = 5.0 V ± 10%, CL = 50 pF, Input V = tf = 6.0 ns) 


Symbol 

Parameter 

Fig. 

Guaranteed Limits 

Unit 

-55 to 25°C 

<85°C 

<125°C 

Min 

Max 

Min 

Max 

Min 

Max 

tPLH. 

tPHL 

Maximum Propagation Delay, Input A 
or B to Output Y 

1, 2 


19 


24 


28 

ns 

tTLH. 

tTHL 

Maximum Output Transition 

Time, Any Output 

1, 2 


15 


19 


22 

ns 

Cin 

Maximum Input Capacitance 

— 


10 


10 


10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Gate)* 

15 


* Used to determine the no-load dynamic power consumption: Pq = Cpp VQQ2f + Iqq Vqq. For load considerations, see Chapter 2. 




Figure 1 . Switching Waveforms 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

”r 


4 : 


* Includes all probe and jig capacitance 

Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 
(1/4 OF THE DEVICE) 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Quad 2-Input NOR Gate 

High-Performance Silicon-Gate CMOS 

The MC54/74HC02A is identical in pinout to the LS02. The device inputs 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2.0 to 6.0 V 

• Low Input Current: 1 .0 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 40 FETs or 1 0 Equivalent Gates 


LOGIC DIAGRAM 



PIN14 = Vcc 
PIN7 = GND 


Y1 


Y2 


Y = A + B 


Y3 


Y4 


MC54/74HC02A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 632-08 



N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 



D SUFFIX 

SOIC PACKAGE 
CASE 751 A-03 


DT SUFFIX 

TSSOP PACKAGE 
1 CASE 948G-01 


ORDERING INFORMATION 

MC54HCXXAJ Ceramic 

MC74HCXXAN Plastic 

MC74HCXXAD SOIC 

MC74HCXXADT TSSOP 



PIN ASSIGNMENT 

Y1 [ 

1 • 

14 

] Vcc 

A1[ 

2 

13 

] Y4 

B1[ 

3 

12 

] B4 

Y2 [ 

4 

11 

] A4 

A2 [ 

5 

10 

] Y3 

B2 [ 

6 

9 

] B3 

GND [ 

7 

8 

] A3 


FUNCTION TABLE 


1 Inputs 1 

Output 

A 

B 

Y 

L 

L 

H 

L 

H 

L 

H 

L 

L 

H 

H 

L 
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MC54/74HC02A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqc arid GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


Plastic DIP, SOIC or TSSOP Package 

260 



Ceramic DIP 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
fDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

<85°C 

<125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out^ — 20 jiA 

3.0 

2.1 

2.1 

2.1 





4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

••out^ — 20 |iA 

3.0 

0.9 

0.9 

0.9 





4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


VOH 

Minimum High-Level Output 

Vin = V|HorV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

< 

o 

CM 

VI 

_o 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = ViH or V|l Hout^ ^ 2.4 mA 

3.0 

2.48 

2.34 

2.20 




Mout^ ^ 4.0 mA 

4.5 

3.98 

3.84 

3.7 




••out^ — ^'2 mA 

6.0 

5.48 

5.34 

5.2 
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MC54/74HC02A 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25“C 

<85°C 

<125°C 

Unit 

VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

l^outl — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin ~ V|H or V|l Houtl — 2-4 mA 

3.0 

0.26 

0.33 

0.4 




llout^ — 4.0 mA 

4.5 

0.26 

0.33 

0.4 




llouti ^ 5.2 mA 

6.0 

0.26 

0.33 

0.4 


lin 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

icc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

1.0 

10 

40 

pA 


Current (per Package) 

I'outl ~ ^ 







NOTE: Information on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6.0 ns) 





Guaranteed Limit 




Vcc 

- 55 to 




Symbol 

Parameter 

V 

25°C 

<85°C 

<125°C 

Unit 

tPLH. 

Maximum Propagation Delay, Input A or B to Output Y 

2.0 

75 

95 

110 

ns 

tPHL 

(Figures 1 and 2) 

3.0 

30 

40 

55 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 2) 

3.0 

30 

40 

55 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


Gin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Gate)* 

22 


* Used to determine the no-load dynamic power consumption: Pp = Cpp Vpp^f + |qq Vqq. For load considerations, see Chapter 2. 




TEST POINT 



cp 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


4: 


* Includes all probe and jig capacitance 


Figure 1. Switching Waveforms 


Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 
(1/4 OF THE DEVICE) 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Quad 2-Input NAND Gate 
With Open-Drain Outputs 

High-Performance Silicon-Gate CMOS 

The MC74HC03A is identical in pinout to the LS03. The device inputs 
are compatible with Standard CMOS outputs; with pullup resistors, they 
are compatible with LSTTL outputs. 

The HC03A NAND gate has, as its outputs, a high-performance MOS 
N-Channel transistor. This NAND gate can, therefore, with a suitable 
pullup resistor, be used in wired-AND applications. Having the output 
characteristic curves given in this data sheet, this device can be used as 
an LED driver or in any other application that only requires a sinking 
current. 

• Output Drive Capability: 10 LSTTL Loads With Suitable Pullup Resistor 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• High Noise Immunity Characteristic of CMOS Devices 

• Operating Voltage Range: 2 to 6V 

• Low Input Current: IpA 

• In Compliance With the JEDEC Standard No. 7A Requirements 

• Chip Complexity: 28 FETs or 7 Equivalent Gates 


MC74HC03A 



N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 



D SUFFIX 

SOIC PACKAGE 
CASE 751 A-03 



DT SUFFIX 

TSSOP PACKAGE 
CASE 948G-01 


ORDERING INFORMATION 

MC74HCXXAN Plastic 

MC74HCXXAD SOIC 

MC74HCXXADT TSSOP 


DESIGN GUIDE 


Criteria 

Value 

Unit 

Internal Gate Count* 

7.0 

ea 

Internal Gate Propagation Delay 

1.5 

ns 

Internal Gate Power Dissipation 

5.0 

^iW 

Speed Power Product 

0.0075 

pj 


* Equivalent to a two-input NAND gate 



LOGIC DIAGRAM 


Vcc 


OUTPUT I 
PROTECTION A 



PIN 14 = Vcc 
PIN7 = GND 

* Denotes open-drain outputs 


FUNCTION TABLE 


Inputs 

Output 

A 

B 

Y 

L 

L 

Z 

L 

H 

Z 

H 

L 

z 

H 

H 

L 


Z = High Impedance 


Pinout: 14-Lead Packages (Top View) 
Vcc B4 A4 Y4 B3 A3 Y3 
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MC74HC03A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

■in 

DC Input Current, per Pin 

±20 

mA 

lout 

DC Output Current, per Pin 

±25 

mA 

'cc 

DC Supply Current, Vqq GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature 

- 65 to + 150 

°C 

tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


Plastic DIP, SOIC or TSSOP Package 

260 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP; - 10 mW/°C from 65° to 125°C 


SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

V|n. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ ^CC- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 



DC CHARACTERISTICS (Voltages Referenced to GND) 





Vcc 

Guaranteed Limit 


Symbol 

Parameter 

Condition 

V 

-55 to 25°C 

<85°C 

<125°C 

Unit 

V|H 

Minimum High-Level Input Voltage 

Vout = 0.1V or Vcc -0.1V 

2.0 

1.50 

1.50 

1.50 

V 



••out^ — 20|iA 

3.0 

2.10 

2.10 

2.10 





4.5 

3.15 

3.15 

3.15 





6.0 

4.20 

4.20 

4.20 


V|L 

Maximum Low-Level Input Voltage 

VnMt = 0.1Vor Vcc -0.1V 

2.0 

0.50 

0.50 

0.50 

V 



••out^ - 20|iA 

3.0 

0.90 

0.90 

0.90 





4.5 

1.35 

1.35 

1.35 





6.0 

1.80 

1.80 

1.80 


VOL 

Maximum Low-Level Output 

Vout = 0.1V or Vcc -0.1V 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out! - 20jiA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l IW ^ 2.4mA 

3.0 

0.26 

0.33 

0.40 




llout^ ^ 4.0mA 

4.5 

0.26 

0.33 

0.40 




ilout^ ^ 5.2mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1 .0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

1.0 

10 

40 

pA 


Current (per Package) 

•out = OpA 






•oz 

Maximum Three-State Leakage 

Output in High-Impedance State 

6.0 

±0.5 

±5.0 

±10 

pA 


Current 

Vin = V|LorV|H 

Vout = Vcc or GND 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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MOTOROLA 







MC74HC03A 


AC CHARACTERISTICS (Cl = 50pF, Input tp = tf = 6ns) 




<o 

o 

Guaranteed Limit 


Symbol 

Parameter 

-55 to 25°C 

<85°C 

<125°C 

Unit 

tPLZ. 

Maximum Propagation Delay, Input A or B to Output Y 

2.0 

120 

150 

180 

ns 

tpZL 

(Figures 1 and 2) 

3.0 

45 

60 

75 




4.5 

24 

30 

36 




6.0 

20 

26 

31 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 2) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

10 

10 

10 

pF 

Cout 

Maximum Three-State Output Capacitance 
(Output in High-Impedance State) 

10 

10 

10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V, Vee = 0 V 

CpD 

Power Dissipation Capacitance (Per Buffer)* 

8.0 


* Used to determine the no-load dynamic power consumption: Pq = Cp0 VQQ^f + Iqq Vqq. For load considerations, see Chapter 2. 
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MC74HC03A 


Vcc 



Figure 1. Switching Waveforms Figure 2. Test Circuit 



0 1 2 3 4 5 

Vo, OUTPUT VOLTAGE (VOLTS) 

*The expected minimum curves are not guarantees, but are design aids. 

Figure 3. Open-Drain Output Characteristics 
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MOTOROLA 





MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Hex Inverter 

High-Performance Silicon-Gate CMOS 

The MC54/74HC04A is identical in pinout to the LS04 and the 
MC14069. The device inputs are compatible with Standard CMOS out- 
puts; with pullup resistors, they are compatible with LSTTL outputs. 
The device consists of six three-stage inverters. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 2 to 6V 

• Low Input Current: 1|xA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance With the JEDEC Standard No. 7A Requirements 

• Chip Complexity: 36 FETs or 9 Equivalent Gates 


LOGIC DIAGRAM 



MC54/74HC04A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 632-08 



N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 



D SUFFIX 

SOIC PACKAGE 
CASE751A-03 



DT SUFFIX 

TSSOP PACKAGE 
CASE 948G-01 


ORDERING INFORMATION 

MC54HCXXAJ Ceramic 

MC74HCXXAN Plastic 

MC74HCXXAD SOIC 

MC74HCXXADT TSSOP 


FUNCTION TABLE 


Inputs 

Outputs 

A 

Y 

L 

H 

H 

L 


Pinout: 14-Lead Packages (Top View) 
Vcc A6 Y6 A5 Y5 A4 Y4 

H nil [Til N FI |T| 

) 

LlI LiJ m m LJ LsJ LiJ 

A1 Y1 A2 Y2 A3 Y3 GND 


10/95 
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REV 7 




MC54/74HC04A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

-0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

lout 

DC Output Current, per Pin 

±25 

mA 

icc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Package! 

500 



TSSOP Package! 

450 


^stg 

Storage Temperature 

- 65 to + 150 

°C 

tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°c 


Plastic DIP, SOIC or TSSOP Package 

260 



Ceramic DIP 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g,, either GND or Vqc). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 
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MC54/74HC04A 


DC CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Condition 

o 

o> 

> 

Guaranteed Limit 

H 

-55 to 25°C 

<85°C 

<125°C 

VlH 

Minimum High-Level Input Voltage 

Vout = 0.1VorVcc -0.1V 

2.0 

1.50 

1.50 

1.50 

V 



lloufl - 20pA 

3.0 

2.10 

2.10 

2.10 





4.5 

3.15 

3.15 

3.15 





6.0 

4.20 

4.20 

4.20 


V|L 

Maximum Low-Level Input Voltage 

Vout = 0.1V or Vcc- 0.1V 

2.0 

0.50 

0.50 

0.50 

V 



llouti - 20iiA 

3.0 

0.90 

0.90 

0.90 





4.5 

1.35 

1.35 

1.35 





6.0 

1.80 

1.80 

1.80 


VOH 

Minimum High-Level Output 

Vin = V|H orV|L 

2.0 

1.9 

1.9 




Voltage 

llouti - 20|xA 

4.5 

4.4 







6.0 

5.9 






Vin =V|H 01' V|L llouti ^ 2.4mA 

3.0 

2.48 

2.34 

2.20 

■ 



llouti ^ 4.0mA 

4.5 

3.98 

3.84 

3.70 




IIqu^I < 5.2mA 

6.0 

5.48 

5.34 

5.20 

H 

VoL 

Maximum Low-Level Output 

Vin = ViH orV|L 

2.0 

0.1 

0.1 

0.1 



Voltage 

^^outl — 20pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|L Houtl^ 2.4mA 

3.0 

0.26 

0.33 

0.40 




llouti ^ 4.0mA 

4.5 

0.26 

0.33 

0.40 




llouti ^ 5.2mA 

6.0 

0.26 

0.33 

0.40 


lin 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

'cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

1.0 

10 

40 

pA 


Current (per Package) 

lout = OpA 







NOTE: Information on typical parametric values can be found In Chapter 2. 



AC CHARACTERISTICS (Cl = 50pF, Input ^ = tf = 6ns) 




Vcc 

V 

Guaranteed Limit 


Symbol 

Parameter 

-55 to 25°C 

<85°C 

<125°C 

Unit 

tPLH. 

Maximum Propagation Delay, Input A or B to Output Y 

2.0 

75 

95 

110 

ns 

tPHL 

(Figures 1 and 2) 

3.0 

30 

40 

55 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


tTLH- 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 2) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

1 

13 

16 

19 


Cin 

Maximum Input Capacitance 

10 

10 

10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and Information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Inverter)* 

20 


* Used to determine the no-load dynamic power consumption: Pq = Cpp VQc^f + |qq Vqq. For load considerations, see Chapter 2. 
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MC54/74HC04A 


INPUT A 


OUTPUT Y 



Figure 1 . Switching Waveforms 


TEST 

POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

•y 





^Includes all probe and jig capacitance 

Figure 2. Test Circuit 


A C^> Y 


Figure 3. Expanded Logic Diagram 

(1/6 of the Device Shown) 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Hex Inverter 

With LSTTL-Compatible Inputs 
High-Performance Silicon-Gate CMOS 

The MC74HCT04A may be used as a level converter for interfacing 
TTL or NMOS outputs to High-Speed CMOS inputs. 

The HCT04A is identical in pinout to the LS04. 

• Output Drive Capability: 10 LSTTL Loads 

• TTL/NMOS-Compatible Input Levels 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 4.5 to 5.5V 

• Low Input Current: IpA 

• In Compliance With the JEDEC Standard No. 7A Requirements 

• Chip Complexity: 48 FETs or 12 Equivalent Gates 


LOGIC DIAGRAM 



MC74HCT04A 



N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 



D SUFFIX 

SOIC PACKAGE 
CASE 751 A-03 



DT SUFFIX 

TSSOP PACKAGE 
CASE 948G-01 


ORDERING INFORMATION 

MC74HCTXXAN Plastic 

MC74HCTXXAD SOIC 

MC74HCTXXADT TSSOP 


FUNCTION TABLE 


Inputs 

Outputs 

A 

Y 

L 

H 

H 

L 


Pinout: 1 4-Lead Packages (Top View) 
Vcc A6 Y6 A5 Y5 A4 Y4 

[ul [13] Hs] nil R |T| [T| 

) 

LU LiJ Lil LiJ LiJ Lil 

A1 Y1 A2 Y2 A3 Y3 GND 
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MC74HCT04A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 0.5 to Vcc + 0.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vcc ^ND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature Range 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


Plastic DIP, SOIC or TSSOP Package 

260 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnOrVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

4.5 

5.5 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature Range, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise/Fall Time (Figure 1) 

0 

500 

ns 



High-Speed CMOS Logic Data 
DL129 — Rev6 


3-21 


MOTOROLA 






MC74HCT04A 


DC CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Condition 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 25°C 

<85°C 

<125°C 

V|H 

Minimum High-Level Input Voltage 

Vout = 0.1V 

llouti - 20 (xA 

4.5 

5.5 

o o 
c\i cvj 

2.0 

2.0 

2.0 

2.0 

V 

V|L 

Maximum Low-Level Input Voltage 

Vout = Vcc -0.1V 

llouti - 20 |xA 

4.5 

5.5 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

V 

Vohi 

Minimum High-Level Output 

Voltage 

Vin = V|L 
llouti - 20)xA 

4.5 

5.5 

4.4 

5.4 

4.4 

5.4 

4.4 

5.4 

V 

Vin = V|L llouti — 4.0mA 

4.5 

3.98 

3.84 

3.70 

VOL 

Maximum Low-Level Output 

Voltage 

Vin = V|H 
llouti - 20pA 

4.5 

5.5 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

V 

Vin = V|H llouti - 4.0mA 

4.5 

0.26 

0.33 

0.40 

hn 

Maximum Input Leakage Current 

Vin = Vcc O'" GiND 

5.5 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Current (per Package) 

Vin = Vcc or GND 
lout = OpA 

5.5 

1 

10 

40 

pA 


Alee 

Additional Quiescent Supply 

Current 

Vjn = 2.4V, Any One Input 

Vin = Vcc or GND, Other Inputs 
lout = OpA 

5.5 

> -55°C 

25 to125°C 

mA 

2.9 

2.4 


1 . Information on typical parametric values can be found in Chapter 2. 

2. Total Supply Current = Iqq + SAIqq. 


AC CHARACTERISTICS (Vcc = 5.0V ±10%, Cl = 50pF, Input V = tf = 6ns) 




Guaranteed Limit 


Symbol 

Parameter 

-55 to 25°C 

<85°C 

<125°C 

Unit 

tPLH. 

Maximum Propagation Delay, Input A to Output Y 

15 

19 

22 

ns 

tPHL 

(Figures 1 and 2) 

17 

21 

26 


tTLH. 

Maximum Output Transition Time, Any Output 

15 

19 

22 

ns 

tTHL 

(Figures 1 and 2) 





Gin 

Maximum Input Capacitance 

10 

10 

10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 





Typical @ 25°C, Vqc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Inverter)* 

22 


* Used to determine the no-load dynamic power consumption: Pp = Cpo VQQ2f + Iqq Vqq. For load considerations, see Chapter 2. 
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MC74HCT04A 


INPUT A 


OUTPUT Y 



Figure 1. Switching Waveforms 


TEST 

POINT 



o 


OUTPUT 

DEVICE 


UNDER 


TEST 

”r 





‘Includes all probe and jig capacitance 

Figure 2. Test Circuit 




Figure 3. Expanded Logic Diagram 

(1/6 of the Device Shown) 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Hex Unbuffered Inverter 

High-Performance Silicon-Gate CMOS 

The MC74HCU04 is identical in pinout to the LS04 and the MC1 4069UB. 
The device inputs are compatible with standard CMOS outputs; with pullup 
resistors, they are compatible with LSTTL outputs. 

This device consists of six single-stage inverters. These inverters are well 
suited for use as oscillators, pulse shapers, and in many other applications 
requiring a high-input impedance amplifier’ For digital applications, the 
HC04 Is recommended. 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V; 2.5 to 6 V in Oscillator 
Configurations 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 12 FETs or 3 Equivalent Gates 


LOGIC DIAGRAM 





PIN14 = Vcc 
PIN7 = GND 
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MC74HCU04 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vcc + -5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

'in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vcc Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DIPt 

SOIC Packaget 

750 

500 

mW 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from case for 1 0 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: -10mW/°C from 65° to 125°C 


SOIC Package: -7mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time (Figure 1) 

— 

No 

Limit 

ns 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.5 V* 

2.0 

1.7 

1.7 

1.7 

V 


Voltage 

••out' — 20 jiA 

4.5 

3.6 

3.6 

3.6 





6.0 

4.8 

4.8 

4.8 


VlL 

Maximum Low-Level Input 

Vout = Vcc -0.5 V* 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out' — 20 jiA 

4.5 

0.8 

0.8 

0.8 





6.0 

1.1 

1.1 

1.1 


VOH 

Minimum High-Level Output 

Vjn = GND 

2.0 

1.8 

1.8 

1.8 

V 


Voltage 

••out' — 20 fiA 

4.5 

4.0 

4.0 

4.0 





6.0 

5.5 

5.5 

5.5 




Vjn = GND llout' ^ 4.0 mA 

4.5 

3.86 

3.76 

3.70 




llouti ^ 5.2 mA 

6.0 

5.36 

5.26 

5.20 


VoL 

Maximum Low-Level Output 

Vin = Vcc 

2.0 

0.2 

0.2 

0.2 

V 


Voltage 

••out' — 20 pA 

4.5 

0.5 

0.5 

0.5 





6.0 

0.5 

0.5 

0.5 




Vin = Vcc "out' ^ 4.0 mA 

4.5 

0.32 

0.37 

0.40 




"out' — 5.2 mA 

6.0 

0.32 

0.37 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc O'" 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

2 

20 

40 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
* For Vcc = 2.0 V, Vout = 0.2 V or Vcc “ 0-2 V. 
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MC74HCU04 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Input A to Output Y 

2.0 

80 

100 

120 

ns 

tPHL 

(Figures 1 and 2) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

. 110 

ns 

tTHL 

(Figures 1 and 2) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5 0 V 

CPD 

Power Dissipation Capacitance (Per Inverter)* 

15 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VQc^f + |qq Vqq. For load considerations, see Chapter 2. 


TEST POINT 




O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


4 : 


Figure 1. Switching Waveforms 


* Includes all probe and jig capacitance 

Figure 2. Test Circuit 


LOGIC DETAIL 
(1/6 of Device Shown) 

Vcc 
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MC74HCU04 


TYPICAL APPLICATIONS 


Crystal Oscillator 




R2 

-AAAr- 


hDh 


1/6 HCU04 

H> 


Ri 

-AAA — f 


R2 > > Ri 
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High Input Impedance Single-Stage Amplifier 
with a 2 to 6 V Supply Range 


INPUT 


VCC 



OUTPUT 



Multi-Stage Amplifier 


LED Driver 
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vcc 



+ V 


1/6HCU04 
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For reduced power supply current, use high-efficiency 
LEDs 

such as the Hewlett-Packard HLMP series or equivalent. 
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SEMICONDUCTOR TECHNICAL DATA 


Product Preview 

Hex Unbuffered Inverter 

High-Performance Silicon-Gate CMOS 

The MC74HCU04A is identical in pinout to the LS04 and the MC14069UB. 
The device inputs are compatible with standard CMOS outputs; with pullup 
resistors, they are compatible with LSTTL outputs. 

This device consists of six single-stage Inverters. These inverters are well 
suited for use as oscillators, pulse shapers, and In many other applications 
requiring a high-input impedance amplifier. For digital applications, the 
HC04A is recommended. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V; 2.5 to 6 V in Oscillator 
Configurations 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 12 FETs or 3 Equivalent Gates 


MC74HCU04A 


1 

N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 

14^^ 

1 

D SUFFIX 

SOIC PACKAGE 
CASE 751 A-03 

1 

DT SUFFIX 

TSSOP PACKAGE 
CASE 948G-01 

ORDERING INFORMATION 

MC74HCUXXAN Plastic 

MC74HCUXXAD SOIC 

MC74HCUXXADT TSSOP 


LOGIC DIAGRAM 



PIN14 = Vcc 
PIN7 = GND 


PIN ASSIGNMENT 


1 • 14 

2 13 

3 12 

4 11 

5 10 

6 9 

7 8 


FUNCTION TABLE 


Inputs 

Outputs 

A 

Y 

L 

H 

H 

L 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 0.5 to Vcc + 0.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 

V 

hn 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqc and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DIPt 

SOIC Package! 
TSSOP Package! 

750 

500 

450 

mW 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

tl 

Lead Temperature, 1 mm from case for 10 Seconds 
Plastic DIP, SOIC or TSSOP Package 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: -10mW/°C from 65° to 125°C 

SOIC Package: -7mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin- Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tp tf 

Input Rise and Fall Time (Figure 1) 

— 

No 

Limit 

ns 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

- 55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.5 V* 

2.0 

1.7 

1.7 

1.7 

V 


Voltage 

••out! - 20 p^A 

3.0 

2.5 

2.5 

2.5 





4.5 

3.6 

3.6 

3.6 





6.0 

4.8 

4.8 

4.8 


V|L 

Maximum Low-Level Input 

Vout = Vcc -0.5 V* 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out! — 20 pA 

3.0 

0.5 

0.5 

0.5 





4.5 

0.8 

0.8 

0.8 





6.0 

1.1 

1.1 

1.1 


VOH 

Minimum High-Level Output 

Vjn = GND 

2.0 

1.8 

1.8 

1.8 

V 


Voltage 

••out^ — 20 pA 

4.5 

4.0 

4.0 

4.0 





6.0 

5.5 

5.5 

5.5 




Vjn = GND llouti ^ 2.4 mA 

3.0 

2.36 

2.26 

2.20 




Houtl ^ 4.0 mA 

4.5 

3.86 

3.76 

3.70 




••out^ — 5.2 mA 

6.0 

5.36 

5.26 

5.20 


VoL 

Maximum Low-Level Output 

Vin = Vcc 

2.0 

0.2 

0.2 

0.2 

V 


Voltage 

••out! — 20 pA 

4.5 

0.5 

0.5 

0.5 





6.0 

0.5 

0.5 

0.5 




Vin = Vcc Houtl ^ 2.4 mA 

3.0 

0.32 

0.32 

0.32 




Houtl — 4.0 mA 

4.5 

0.32 

0.37 

0.40 




Houtl — ^'2 mA 

6.0 

0.32 

0.37 

0.40 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

<o 

O 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

•in 

Maximum Input Leakage Current 

Vin = V0Q or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 
Current (per Package) 

Vin = VcC or GND 
lout = 0 pA 

6.0 

1 

10 

40 

pA 


NOTE: Information on typical parametric values can be found in Chapter 2. 
* For Vcc = 2.0 V, Vout = 0.2 V or Vcc - 0.2 V. 



AC ELECTRICAL CHARACTERISTICS (Cl = 50 pR Input tr = tf = 6 nS) 


Symbol 

Parameter 

o 

o> 

> 

Guaranteed Limit 

mi 

-55 to 
25°C 

< 85°C 

< 125“C 

tPLH. 

Maximum Propagation Delay, Input A to Output Y 

2.0 

80 

100 

120 

ns 

tPHL 

(Figures 1 and 2) 

3.0 

40 

45 

50 




4.5 

16 

20 

24 




6.0 

14 

17 

20 


^TLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 2) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


Gin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES; 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Inverter)* 

15 


* Used to determine the no-load dynamic power consumption: Pp = CpQ VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 
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MC74HCU04A 


INPUT A 


OUTPUT Y 



TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


4 : 


* Includes all probe and jig capacitance 


Figure 1. Switching Waveforms 


Figure 2. Test Circuit 
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TYPICAL APPLICATIONS 


Crystal Oscillator 

R2 



Stable RC Oscillator 

1/6HCU04 1/6HCU04 1/6HCU04 



'Vout 


Schmitt Trigger 


High Input Impedance Single-Stage Amplifier 
with a 2 to 6 V Supply Range 



Vcc 


INPUT 



OUTPUT 


Multi-Stage Amplifier 


LED Driver 


Vcc 



+v 


1/6 HCU04 


-^>0 1 




For reduced power supply current, use high-efficiency 
LEDs 

such as the Hewlett-Packard HLMP series or equivalent. 
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Quad 2-liiput AND Gate 

High-Performance Silicon-Gate CMOS 

The MC54/74HC08A is identical in pinout to the LS08. The device 
inputs are compatible with Standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 2 to 6V 

• Low Input Current: IpA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance With the JEDEC Standard No. 7A Requirements 

• Chip Complexity: 24 FETs or 6 Equivalent Gates 


LOGIC DIAGRAM 


A1 

B1 

A2 

B2 

A3 

B3 

A4 

B4 


1 


2 

> 5v. 

4 

5 

> 5y2 

9 ^ 

10 

1 t 

CO 

-< 

CO 

12 

13 

^Y4 


Y = AB 


PIN14 = Vcc 
P1N7 = GND 


Pinout: 14-Lead Packages (Top View) 
Vcc B4 A4 Y4 B3 A3 Y3 

N [iil p2] [ill N Tl [T| 

) 

IjlI ^ ^ L^' LiJ"LiJ" 

A1 B1 Y1 A2 B2 Y2 GND 


MC54/74HC08A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 632-08 



N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 



D SUFFIX 

SOIC PACKAGE 
CASE 751 A-03 


DT SUFFIX 

TSSOP PACKAGE 
CASE 948B-03 


ORDERING INFORMATION 

MC54HCXXAJ Ceramic 

MC74HCXXAN Plastic 

MC74HCXXAD SOIC 

MC74HCXXADT TSSOP 



FUNCTION TABLE 


Inputs 

Output 

A 

B 

Y 

L 

L 

L 

L 

H 

L 

H 

L 

L 

H 

H 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-0.5 to Vqq + 0.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

hn 

DC Input Current, per Pin 

±20 

mA 

lout 

DC Output Current, per Pin 

±25 

mA 

'cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Package! 

500 



TSSOP Package! 

450 


^stg 

Storage Temperature 

- 65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


Plastic DIP, SOIC or TSSOP Package 

260 



Ceramic DIP 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 


DC Supply Voltage (Referenced to GND) 

2.0 

II^QII 

D 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

EiBl 

D 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

D 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 
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MC54/74HC08A 


DC CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Condition 

O 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 25°C 

<85°C 

<125°C 

V|H 

Minimum High-Level Input Voltage 

Vout = 0.1VorVcc-0-1V 

2.0 

1.50 

1.50 

1.50 

V 



••out! - 20 |iA 

3.0 

2.10 

2.10 

2.10 





4.5 

3.15 

3.15 

3.15 





6.0 

4.20 

4.20 

4.20 


V|L 

Maximum Low-Level Input Voltage 

Vout = 0.1V or Vcc- 0.1V 

2.0 

0.50 

0.50 

0.50 

V 



••out^ - 20 }jA 

3.0 

0.90 

0.90 

0.90 





4.5 

1.35 

1.35 

1.35 





6.0 

1.80 

1.80 

1.80 


VOH 

Minimum High-Level Output 

Vin = V|Hor V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out! - 20|iA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin =V|H or V|l Moutl ^ 2.4mA 

3.0 

2.48 

2.34 

2.20 




I lout! ^ 4.0mA 

4.5 

3.98 

3.84 

3.70 




••out^ — 5.2mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|Hor V|l 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out! - 20|iA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|HorViL Moutl ^ 2.4mA 

3.0 

0.26 

0.33 

0.40 




•lout* ^ 4.0mA 

4.5 

0.26 

0.33 

0.40 




Moutl — 5.2mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

|iA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

1.0 

10 

40 

pA 


Current (per Package) 

•out = OpA 







NOTE: Information on typical parametric values can be found in Chapter 2. 



AC CHARACTERISTICS (Cl = 50pF, Input V = tf = 6ns) 




< 

<o 

o 

Guaranteed Limit 


Symbol 

Parameter 

-55 to 25°C 

<85°C 

<125°C 

Unit 

tpLH. 

Maximum Propagation Delay, Input A or B to Output Y 

2.0 

75 

95 

110 

ns 

tPHL 

(Figures 1 and 2) 

3.0 

30 

40 

55 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


iTLH- 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

iTHL 

(Figures 1 and 2) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

10 

10 

10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V, Vee = 0 V 

CPD 

Power Dissipation Capacitance (Per Buffer)* 

20 


* Used to determine the no-load dynamic power consumption: Pq = Cpp VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 
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MC54/74HC08A 



Figure 1 . Switching Waveforms 



TEST 

POINT 



o 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 




*lncludes all probe and jig capacitance 

Figure 2. Test Circuit 


:Z> — ^l> — ’ 


Figure 3. Expanded Logic Diagram 
(1/4 of the Device) 
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Quad 2-Input AND Gate with 
LSTTL-Compatible Inputs 

High-Performance Silicon-Gate CMOS 

The MC54/74HCT08A may be used as a level converter for interfacing 
TTL or NMOS outputs to high-speed CMOS inputs. 

The HCT08A is identical in pinout to the LS08. 

• Output Drive Capability: 10 LSTTL Loads 

• TTL/NMOS-Compatible Input Levels 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 4.5 to 5.5 V 

• Low Input Current: 1 .0 pA 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 40 FETs or 10 Equivalent Gates 


LOGIC DIAGRAM 



PlN14 = Vcc 
PIN7 = GND 


MC54/74HCT08A 



PIN ASSIGNMENT 

A1 [ 

1 • 

14 

] Vcc 

B1 [ 

2 

13 

] B4 

Y1 [ 

3 

12 

] A4 

A2 [ 

4 

11 

] Y4 

B2 [ 

5 

10 

] B3 

Y2 [ 

6 

9 

] A3 

GND[ 

7 

8 

] Y3 



FUNCTION TABLE 


Inputs 

Output 

A 

B 

Y 

L 

L 

L 

L 

H 

L 

H 

L 

L 

H 

H 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

-0.5 to + 7.0 , 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1.5 to Vcc + T5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vcc GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 


^stg 

Storage Temperature 

-65to + 150 

°C 

tl 

Lead Temperature, 1 mm from case for 10 Seconds 


°C 


(SOIC or Plastic DIP) 

260 

°C 


(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
fDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


Ceramic DIP; - 10 mW/°C from 100° to 125°C 
SOIC Package; - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnOrVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

4.5 

5.5 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time (Figure 1) 

0 

500 

ns 


DC CHARACTERISTICS FOR THE MC54/74HCT08A (Voltages Referenced to GND) 



Symbol 

Parameter 

Test Conditions 

Vcc 

Volts 

Guaranteed Limit 

Unit 

-55 to 

25°C 

< 85°C 

< 125°C 

Min 

Max 

Min 

Max 

Min 

Max 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

4.5 

2.00 


2.00 


2.00 


V 


Voltage 

••out! — 20 pA 

5.5 

2.00 


2.00 


2.00 



V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

4.5 


0.80 


0.80 


0.80 

V 


Voltage 

llouti ^ 20 pA 

5.5 


0.80 


0.80 


0.80 


VOH 

Minimum High-Level 

Vin = ViH or V|i_ 

4.5 

4.40 


4.40 


4.40 


V 


Output Voltage 

••out^ — 20 pA 

5.5 

5.40 


5.40 


5.40 





Vin = V|HorV|L 











••out^ — ^‘0 mA 

4.5 

3.98 


3.84 


3.70 



VOL 

Maximum Low-Level 

Vin = ViH orV|L 

4.5 


0.10 


0.10 


0.10 

V 


Output Voltage 

••out! — 20 pA 

5.5 


0.10 


0.10 


0.10 




Vin = V|H orV|L 











llouti ^ 4.0 mA 

4.5 


0.26 


0.33 


0.40 


•in 

Maximum Input Leakage 

Vin = Vcc or GND 

5.5 


±0.10 


±1.00 


±1;00 

pA 


Current 










•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND j 

5.5 


1 


10 


40 

pA 


Current (per Package) 

••out' = 0 pA 









^•cc 

Additional Quiescent 

Vjn = 2.4 V, Any One Input 










Supply Current 

Vin = Vcc or GND, 



>-55°C 

25° to125°C 





Other Inputs 



— 


— 






lout = 0 mA 

5.5 


2.9 

2.4 


mA 


NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC54/74HCT08A 


AC CHARACTERISTICS FOR THE MC54/74HCT08A (Vcc = 5.0 V ± 10%, Cl = 50 pF, Input tr = tf = 6 ns) 


Symbol 

Parameter 

Fig. 

Guaranteed Limit 

Unit 

-55 to 

25°C 

< 85°C 

< 125°C 

Min 

Max 

Min 

Max 

Min 

Max 

tPLH- 

tPHL 

Maximum Propagation Delay, Input A or B to Output Y 

1,2 

■ 


■ 


■ 


ns 

tTLH. 

tTHL 

Maximum Output Transition Time, Any Output 

1,2 

■ 

15 


19 




Cin 

Maximum Input Capacitance 

- 


10 


10 


10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5 0 V 

CpD 

Power Dissipation Capacitance (Per Gate)* 

20 


* Used to determine the no-load dynamic power consumption: Pq = CpD VQQ^f + |qq Vqc- For load considerations, see Chapter 2. 



Figure 1. Switching Waveforms 


Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 
(1/4 OF THE DEVICE) 


A 

B 



Y 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Triple 3- Input NAND Gate 

High-Performance Silicon-Gate CMOS 

The MC74HC10 is identical in pinout to the LS10. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 iiA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 36 FETs or 9 Equivalent Gates 


MC74HC10 



N SUFFIX 

PLASTIC PACKAGE 

1 

CASE 646-06 


D SUFFIX 

1 

SOIC PACKAGE 

CASE 751 A-03 

ORDERING INFORMATION 

MC74HCXXN 

Plastic 

MC74HCXXD 

SOIC 


LOGIC DIAGRAM 



PIN14 = Vcc 
PlN7 = GND 


PIN ASSIGNMENT 

A1 [ 

1 • 

14 

] Vcc 

B1 [ 

2 

13 

] Cl 

A2 [ 

3 

12 

] Y1 

B2 [ 

4 

11 

] C3 

C2 [ 

5 

10 

] B3 

Y2 [ 

6 

9 

] A3 

GND D 

7 

8 

] Y3 


FUNCTION TABLE 


Inputs I 

Output 

A 

B 

C 

Y 

L 

X 

X 

H 

X 

L 

X 

H 

X 

X 

L 

H 

H 

H 

H 

L 
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MC74HC10 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1.5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqc GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW 

"^stg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: -7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (ViporVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 



Parameter 

Min 

Max 

Unit 


DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 


DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tn tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

- 55 to 
25° C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out^ — 20 |iA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|H orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out! — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l Houtl ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llout^ ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l Mout^ ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llout^ ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 

2 

20 

40 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HC10 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tf = tf = 6 ns) 


Symbol 

Parameter 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Input A, B, or C to Output Y 

2,0 

95 

120 

145 

ns 

tPHL 

(Figures 1 and 2) 

4.5 

19 

24 

29 




6.0 

16 

20 

25 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 2) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 


1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5 0 V 

CpD 

Power Dissipation Capacitance (Per Gate)* 

25 


* Used to determine the no-load dynamic power consumption: Pq = Cpp VQ02f + Iqq Vqq. For load considerations, see Chapter 2. 



TEST POINT 



T 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 




" Includes all probe and jig capacitance 


Figure 1 . Switching Waveforms 


Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 
(1/3 OF THE DEVICE) 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Triple 3-Input AND Gate 

High-Performance Silicon-Gate CMOS 

The MC74HCTI is identical in pinout to the LS11. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

• Output Drive Capability: 10 LSTTL Loads 

« Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 60 FETs or 1 5 Equivalent Gates 


MC74HC1 1 


N SUFFIX 

VSSSSW PLASTIC PACKAGE 

1 

CASE 646-06 

1 

D SUFFIX 

SOIC PACKAGE 

CASE 751 A-03 

ORDERING INFORMATION 

MC74HCXXN 

Plastic 

MC74HCXXD 

SOIC 


LOGIC DIAGRAM 



Y1 


Y2 


Y3 


Y = ABC 


PIN14 = Vcc 
PlN7 = GND 


PIN ASSIGNMENT 

A1 [ 

1 • 

14 

] Vcc 

B1 [ 

2 

13 

] Cl 

A2 [ 

3 

12 

] Y1 

B2 [ 

4 

11 

] C3 

C2 [ 

5 

10 

] B3 

Y2 [ 

6 

9 

] A3 

GND [ 

7 

8 

] Y3 



FUNCTION TABLE 


Inputs 

Output 

A 

B 

C 

Y 

L 

X 

X 

L 

X 

L 

X 

L 

X 

X 

L 

L 

H 

H 

H 

H 
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MC74HC11 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vcc + 1 -5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

-0.5 to Vcc + 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

■out 

DC Output Current, per Pin 

±25 

mA 

icc 

DC Supply Current, Vcc ^ND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

< 

c 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tptf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 








Voltage 




mSm 








WBM 



V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 


^9 




Voltage 

llouti — 20 pA 

4.5 








6.0 





VOH 

Minimum High-Level Output 

Vin = ViH or Vil 

2.0 

WBSM 



IDH 


Voltage 

llouti — 20 pA 

4.5 








6.0 







Vin = V|HOrV|L llouti s 4.0 mA 

4.5 


3.84 





llouti ^ 5.2 mA 

6.0 

IHQIII 

5.34 



VOL 

Maximum Low-Level Output 

Vin = V|H or V|l 

2.0 

0.1 

0.1 

0.1 

mm 


Voltage 

lloufl — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l llouti ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llouti ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 

mi 

hn 

Maximum Input Leakage Current 

Vjn = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 


Icc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

2 

20 

40 



Current (per Package) 

lout = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 


MOTOROLA 


3-44 


High-Speed CMOS Logic Data 
DL129 — Rev6 





















MC74HC11 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tp = tf = 6.0 ns) 





Guaranteed Limit 




Vcc 

-55 to 




Symbol 

Parameter 

V 

25°C 

< 85°C 

< 125°C 

Unit 

tPLH> 

Maximum Propagation Delay, Input A, B, or C to Output Y 

2.0 

125 

155 

190 

ns 

tPHL 

(Figures 1 and 2) 

4.5 

25 

31 

38 




6.0 

21 

26 

32 


tJLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 2) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Gate)* 

27 


* Used to determine the no-load dynamic power consumption; Pq = Cpp VQQ^f + |qq Vqc- For load considerations, see Chapter 2. 



Figure 1. Switching Waveforms 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


4 : 



Includes all probe and jig capacitance 

Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 
(1/3 OF THE DEVICE) 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Hex Schmitt-Trigger Inverter 

High-Performance Silicon-Gate CMOS 

The MC54/74HC14A is identical in pinout to the LS14, LS04 and the 
HC04. The device inputs are compatible with Standard CMOS outputs; 
with pullup resistors, they are compatible with LSTTL outputs. 

The HC14A is useful to “square up” slow input rise and fall times. Due 
to hysteresis voltage of the Schmitt trigger, the HC14A finds applications 
in noisy environments. 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 2 to 6V 

• Low Input Current: IpA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance With the JEDEC Standard No. 7A Requirements 

• Chip Complexity; 60 FETs or 1 5 Equivalent Gates 



LOGIC DIAGRAM 



MC54/74HC14A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 632-08 



N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 



D SUFFIX 

SOIC PACKAGE 
CASE 751A-03 


DT SUFFIX 

1 4 TSSOP PACKAGE 

. CASE 948G-01 


ORDERING INFORMATION 

MC54HCXXAJ Ceramic 

MC74HCXXAN Plastic 

MC74HCXXAD SOIC 

MC74HCXXADT TSSOP 


FUNCTION TABLE 


Inputs 

Outputs 

A 

Y 

L 

H 

H 

L 


Pinout: 1 4-Lead Packages (Top View) 
Vcc A6 Y6 A5 Y5 A4 Y4 
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MC54/74HC14A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 











±20 


lout 

DC Output Current, per Pin 

±25 

mA 

icc 

DC Supply Current, Vcc Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 




SOIC Packaget 




TSSOP Packaget 



Tstg 

Storage Temperature Range 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


Plastic DIP, SOIC or TSSOP Package 

260 



Ceramic DIP 

300 



’ Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (ViporVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 


Max 


Vcc 

DC Supply Voltage (Referenced to GND) 


6.0 

D 

Vin- Vout 

DC Input Voltage, Output Voltage (Referenced to 
GND) 

0 

Vcc 

■ 

Ta 

Operating Temperature Range, All Package Types 

-55 

+ 125 


tp tf 

Input Rise/Fall Time Vcc = 2.0 V 

0 

No Limit* 

ns 


(Figure 1) Vcc = 4.5 V 

0 

No Limit* 



Vcc = 6.0 V 

0 

No Limit* 



* When Vjp = 50% Vcc. 'CC > 1 
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MC54/74HC14A 


DC CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Condition 

0 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 25°C 

<85°C 

<125°C 

V 7 + max 

Maximum Positive-Going Input 

Vout = 0.1V 

2.0 

1.50 

1.50 

1.50 

V 


Threshold Voltage 

llouti - 20|iA 

3.0 

2.15 

2.15 

2.15 



(Figure 3) 


4.5 

3.15 

3.15 

3.15 





6.0 

4.20 

4.20 

4.20 


V 7 + min 

Minimum Positive-Going Input 

Vout = 0.1V 

2.0 

1.0 

0.95 

0.95 

V 


Threshold Voltage 

llout^ - 2 O 11 A 

3.0 

1.5 

1.45 

1.45 



(Figure 3) 


4.5 

2.3 

2.25 

2.25 





6.0 

3.0 

2.95 

2.95 


V 7 _ max 

Maximum Negative-Going Input 

Vout = VcC- 0 - 1 V 

2.0 

0.9 

0.95 

0.95 

V 


Threshold Voltage 

l^out^ - 20 pA 

3.0 

1.4 

1.45 

1.45 



(Figure 3) 


4.5 

2.0 

2.05 

2.05 





6.0 

2.6 

2.65 

2.65 


V 7 _ min 

Minimum Negative-Going Input 

o< 

& 

II 

< 

0 

0 

I 

p 

< 

2.0 

0.3 

0.3 

0.3 

V 


Threshold Voltage 

l^oufl - 20pA 

3.0 

0.5 

0.5 

0.5 



(Figure 3) 


4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


Vnmax 

Maximum Hysteresis Voltage 

Vout = 0.1V or Vcc- 0.1V 

2.0 

1.20 

1.20 

1.20 

V 

Note 2 

(Figure 3) 

l^outl - 20 )liA 

3.0 

1.65 

1.65 

1.65 





4.5 

2.25 

2.25 

2.25 





6.0 

3.00 

3.00 

3.00 


VHmin 

Minimum Hysteresis Voltage 

Vout = 0.1V or Vcc -0.1V 

2.0 

0.20 

0.20 

0.20 

V 

Note 2 

(Figure 3) 

^^out^ - 20p.A 

3.0 

0.25 

0.25 

0.25 





4.5 

0.40 

0.40 

0.40 





6.0 

0.50 

0.50 

0.50 


VOH 

Minimum High-Level Output 

Vin ^ V 7 _ min 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

l^outl - 20pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




V|n < V 7 _ min llouti ^ 2.4mA 

3.0 

2.48 

2.34 

2.20 




Hout^ — 4.0mA 

4.5 

3.98 

3.84 

3.70 




llouti ^ 5.2mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

V|n ^ V 7 + max 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

Houtl - 20|iA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin ^ Vt 4 . max llmitl ^ 2.4mA 

3.0 

0.26 

0.33 

0.40 




llouti ^ 4.0mA 

4.5 

0.26 

0.33 

0.40 




llouti ^ 5.2mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc O'" GND 

6.0 

±0.1 

±1.0 

±1 .0 

pA 

'cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

1.0 

10 

40 



Current (per Package) 

0 
c 

II 

1 







1 . Information on typical parametric values along with frequency or heavy load considerations can be found in Chapter 2. 

2. Vnmin > (V 74 , min) - (Vj_ max); V|-|max = (V 7 + max) - (V 7 _ min). 
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MC54/74HC14A 


AC CHARACTERISTICS (Cl = 50pF, Input tr = tf = 6ns) 




o 

o> 

> 

Guaranteed Limit 


Symbol 

Parameter 

-55 to 25°C 

<85°C 

<125°C 

Unit 

tPLH. 

Maximum Propagation Delay, Input A or B to Output Y 

2.0 

75 

95 

110 

ns 

tPHL 

(Figures 1 and 2) 

3.0 

30 

40 

55 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

^THL 

(Figures 1 and 2) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


Qn 

Maximum Input Capacitance 

10 

10 

10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5 0 V 

CpD 

Power Dissipation Capacitance (Per Inverter)* 

22 


* Used to determine the no-load dynamic power consumption: Pq = Cpo VQQ^f + Iqq Vqq. For load considerations, see Chapter 2. 



Figure 1. Switching Waveforms 



TEST 

POINT 



o 


OUTPUT 

DEVICE 


UNDER 


TEST 

— - 




*lncludes all probe and jig capacitance 


Figure 2. Test Circuit 
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MC54/74HC14A 



2 3 4 5 6 

Vcc, POWER SUPPLY VOLTAGE (VOLTS) 

VHtyp = (VT+typ)-(VT-typ) 

Figure 3. Typical Input Threshold, Vt+, Vj_ versus Power Supply Voltage 



(a) A Schmitt-Trigger Squares Up Inputs With Slow Rise and Fall Times (b) A Schmitt-Trigger Offers Maximum Noise Immunity 



Figure 4. Typical Schmitt-Trigger Applications 
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SEMICONDUCTOR TECHNICAL DATA 


Hex Schmitt-Trigger Inverter 
with LSTTL Compatible Inputs 

High-Performance Silicon-Gate CMOS 

The MC54/74HCT14A may be used as a level converter for interfacing 
TTL or NMOS outputs to high-speed CMOS inputs. 

The HCT14A is identical in pinout to the LS14. 

The HCT14A is useful to “square up” slow input rise and fall times. Due to 
the hysteresis voltage of the Schmitt trigger, the HCT14A finds applications 
in noisy environments. 

• Output Drive Capability: 10 LSTTL Loads 

• TTL/NMOS-Compatible Input Levels 

o Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 4.5 to 5.5 V 

• Low Input Current: 1 .0 )iA 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 72 FETs or 18 Equivalent Gates 


LOGIC DIAGRAM 



PIN14 = Vcc 

PIN7 = GND 


l\/IC54/74HCT14A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 632-08 



N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 



D SUFFIX 

SOIC PACKAGE 
CASE 751A-03 


ORDERING INFORMATION 

MC54HCTXXAJ Ceramic 

MC74HCTXXAN Plastic 

MC74HCTXXAD SOIC 


PIN ASSIGNMENT 

A1 [ 

1 • 

14 

^ Vcc 

Y1[ 

2 

13 

] No 

A2 [ 

3 

12 

] Y6 

Y2 [ 

4 

11 

] A5 

A3[ 

5 

10 

] Y5 

Y3 [ 

6 

9 

] A4 

GND[ 

7 

8 

] Y4 



FUNCTION TABLE 


Input 

Output 

A 

Y 

L 

H 

H 

L 
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MC54/74HCT14A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

-0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vcc + 1 -5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0.5 

V 

'in 

DC Input Current, per Pin 

±20 

mA 

'out 

DC Output Current, per Pin 

±25 

mA 

'cc 

DC Supply Current, Vcc ^ND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 


Tstg 

Storage Temperature 

- 65 to + 1 50 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 

°C 


(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions 
t Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP; - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vin and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

4.5 

5.5 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time (Figure 1) 

- 

* 

ns 


* No Limit when Vjp ~ 50% Vqq, Iqq > 1 mA. 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Temperature Limit 






-55 to 









Vcc 

25°C 

< 85° C 

< 125°C 


Symbol 

Parameter 

Test Conditions 

Volts 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

V 7 + max 

Maximum Positive-Going 

Vout = 0.1VorVcc-0.1 V 

4.5 


1.9 


1.9 


1.9 

V 


Input Threshold Voltage 

"out' — 20 pA 

5.5 


2.1 


2.1 


2.1 


V 7 + min 

Minimum Positive-Going 

Vout = 0.1 V or Vcc -0.1 V 

4.5 

1.2 


1.2 


1.2 


V 


Input Threshold Voltage 

"out' — 20 jiA 

5.5 

1.4 


1.4 


1.4 



V 7 _ max 

Maximum Positive-Going 

Vout = 0.1 V or Vcc -0.1 V 

4.5 


1.2 


1.2 


1.2 



Input Threshold Voltage 

"out' — 20 pA 

5.5 


1.4 


1.4 


1.4 


V 7 _ min 

Minimum Positive-Going 

Vout = 0.1 V or Vcc -0.1 V 

4.5 

0.5 


B 




B 


Input Threshold Voltage 

"out' — 20 pA 

5.5 

0.6 


B 




■ 

Vh max 

Maximum Hysteresis 

Vout = 0.1 V or Vcc -0.1 V 

4.5 


1.4 


B 





Voltage 

"out' — 20 pA 

5.5 


1.5 


IS 



I 

Vh min 



jjEQI 





B 











B 


1^1 

VOH 

Minimum High-Level 

Vin < VT-min 




B 


B 




Output Voltage 

"out' — 20 pA 


B 




B 





Vin < VT-min 
llout' ^ 4.0 mA 

H 

3.98 


3.84 


B 




NOTE: Information on typical parametric values can be found in Chapter 2. 

(continued) 
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MC54/74HCT14A 


DC CHARACTERISTICS (Voltages Referenced to GND) - continued 


Symbol 

Parameter 

Test Conditions 

Vcc 

Volts 

Temperature Limit 

Unit 

-55 to 

25° C 

< 85°C 

< 125°C 

Min 

Max 

Min 

Max 

Min 

Max 

VOL 

Maximum Low-Level 

Output Voltage 

Vin < VT-min 
llouti — 20 |iA 

4.5 

5.5 


0.1 

0.1 


0.1 

0.1 


0.1 

0.1 

V 

Vjn < VT-min 
llout' ^ 4.0 mA 

4.5 


0.26 


0.33 


0.4 

lin 

Maximum Input 

Leakage Current 

Vjn = Vcc Of GND 

5.5 


±0.1 


±1.0 


±1.0 

pA 

icc 

Maximum Quiescent 

Supply Current 
(per package) 

Vin = Vqq or GND 
lout = 0 pA 

5.5 


1.0 


10 


40 

pA 

^'cc 

Additional Quiescent 

Supply Current 

Vjn = 2.4 V, Any One Input 

Vin = Vqc or GND, Other Inputs 
lout = 0 pA 

5.5 


>-55°C 

25°Cto 

125°C 


mA 

2.9 

2.4 


AC CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6.0 ns) 






Guaranteed Limit 






-55 to 

25° C 

< 85°C 

< 125°C 


Symbol 

Parameter 

Test Conditions 


Min 

Max 

Min 

Max 

Min 

Max 

Unit 

tPLH. 

tPHL 

Maximum Propagation Delay, 
Input A to Output Y (L to H) 

Vqq = 5.0 V±10% 

Cl = 50 pF, Input tf = tf = 6.0 ns 

Fig. 

1 &2 


32 


40 


48 

ns 

ft 

Maximum Output Transition 
Time. Any Output 

Vqq = 5.0 V ±10% 

Cl = 50 pF, Input tr = tf = 6.0 ns 

Fig. 

1 &2 


15 


19 


22 

ns 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vqc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Inverter)* 

32 


* Used to determine the no-load dynamic power consumption: Pp = CpD VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 




Figure 1. Switching Waveforms 


TEST POINT 



o 


OUTPUT 

DEVICE 


UNDER 


TEST 

”T 


4 : 


* Includes all probe and jig capacitance 

Figure 2. Test Circuit 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Dual 4-Input NAND Gate 

High-Performance Silicon-Gate CMOS 

The MC74HC20 is identical in pinout to the LS20. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 28 FETs or 7 Equivalent Gates 


MC74HC20 


N SUFFIX 

plastic package 

1 

CASE 646-06 

1 

D SUFFIX 

SOIC PACKAGE 

CASE 751 A-03 

ORDERING INFORMATION 

MC74HCXXN 

Plastic 

MC74HCXXD 

SOIC 



LOGIC DIAGRAM 



Y = ABCD 


PIN14 = Vcc 
PIN7 = GND 

PINS 3, 11= NO CONNECTION 


PIN ASSIGNMENT 

A1 [ 

1* 

14 

^ Vcc 

B1[ 

2 

13 

] D2 

NC [ 

3 

12 

] C2 

Cl [ 

4 

11 

] NC 

D1 [ 

5 

10 

] B2 

Y1 [ 

6 

9 

] A2 

gndC 

7 

8 

] Y2 


FUNCTION TABLE 


Inputs 1 

Output 

A 

B 

C 

D 

Y 

L 

X 

X 

X 

H 

X 

L 

X 

X 

H 

X 

X 

L 

X 

H 

X 

X 

X 

L 

H 

H 

H 

H 

H 

L 
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MC74HC20 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqq + 1 .5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

'in 

DC Input Current, per Pin 

±20 

mA 

'out 

DC Output Current, per Pin 

±25 

mA 

'cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tptf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

"out' — 20 jiA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

"out' — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|Hor V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

"out' — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l "out' ^ ^.0 mA 

4.5 

3.98 

3.84 

3.70 




"out' — ^*2 rnA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = ViH orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

"out' — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l "out' ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llout' ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


'in 

Maximum Input Leakage Current 

Vin = Vqq or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

'cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

2 

20 

40 

pA 


Current (per Package) 

'out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HC20 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6.0 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Input A, B, C, or D to Output Y 

2.0 

90 

115 

135 

ns 

tPHL 

(Figures 1 and 2) 

4.5 

18 

23 

27 




6.0 

15 

20 

23 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

^THL 

(Figures 1 and 2) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25X, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Gate)* 

26 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VpQ^f + Iqq Vqq. For load considerations, see Chapter 2. 




Figure 1. Switching Waveforms 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


4 : 


* Includes all probe and jig capacitance 

Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 
(1/2 OF THE DEVICE) 
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SEMICONDUCTOR TECHNICAL DATA 


Triple 3-Bnput NOR Gate 

High-Performance Silicon-Gate CMOS 

The MC54/74HC27 is identical in pinout to the LS27. The device inputs 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 |xA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 42 FETs or 10.5 Equivalent Gates 


LOGIC DIAGRAM 


A1 

B1 

C1 


A2 

B2 

02 


A3 

B3 

03 



Y1 


Y2 


Y3 


Y=A+B+0 


PIN14 = Vcc 
PIN7 = GND 


MC54/74HC27 



J SUFFIX 

CERAMIC PACKAGE 
CASE 632-08 



N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 



D SUFFIX 

SOIC PACKAGE 
CASE 751 A-03 


ORDERING INFORMATION 

MC54HCXXJ Ceramic 

MC74HCXXN Plastic 

MC74HCXXD SOIC 


PIN ASSIGNMENT 

A1 [ 

1 • 

14 

^ vcc 

B1 [ 

2 

13 

] 01 

A2 [ 

3 

12 

] Y1 

B2 [ 

4 

11 

] 03 

02 [ 

5 

10 

] B3 

Y2 [ 

6 

9 

] A3 

GND [ 

7 

8 

] Y3 



FUNCTION TABLE 


Inputs 

Output 

A 

B 

c 

Y 

L 

L 

L 

H 

X 

X 

H 

L 

X 

H 

X 

L 

H 

X 

X 

L 
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MC54/74HC27 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vcc + 1 -5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

■in 

DC Input Current, per Pin 

±20 

mA 

lout 

DC Output Current, per Pin 

±25 

mA 

icc 

DC Supply Current, Vqc and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DIPt 

750 

mW 


SOIC Packaget 

500 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°Cfrom 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


3 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

llouti — 20 jiA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

llouti — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|H or V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

lloufl — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




V|n = V|HOrV|L llouti s 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llouti ^ 5-2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

llouti — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vjn = V|H or V|l llouti ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llouti ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

Icc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

2 

20 

40 

pA 


Current (per Package) 

lout = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 
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MC54/74HC27 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input ^ = tf = 6 ns) 





Guaranteed Limit 




Vcc 

-55 to 




Symbol 

Parameter 

V 

25°C 

< 85°C 

< 125°C 

Unit 

TPLH, 

Maximum Propagation Delay, Input A, B, or C to Output Y 

2.0 

90 

115 

135 

ns 

TPHL 

(Figures 1 and 2) 

4.5 

18 

23 

27 




6.0 

15 

20 

23 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

^THL 

(Figures 1 and 2) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


^in 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 


1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Gate)* 

27 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 



Figure 1. Switching Waveforms 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


4 : 



Includes all probe and jig capacitance 

Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 
(1/3 OF THE DEVICE) 


l>-^ 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


8-lnput NAND Gate 

High-Performance Silicon-Gate CMOS 

The MC74HC30 is identical in pinout to the LS30. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 32 FETs or 8 Equivalent Gates 


LOGIC DIAGRAM 




Y = ABCDEFGH 


PINS 9, 10, 13 = NO CONNECTION 


PIN14 = Vcc 
P1N7 = GND 


MC74HC30 



PIN ASSIGNMENT 

A[ 

1 • 

14 

] vcc 

B[ 

2 

13 

] NC 

cC 

3 

12 

] H 

D[ 

4 

11 

]G 

E[ 

5 

10 

] NC 

F[ 

6 

9 

] NC 

GND [ 

7 

8 

] Y 

NC = NO CONNECTION 


FUNCTION TABLE 


Inputs A through H 

Output 

Y 

All inputs FI 

One or more inputs L 

L 

H 
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MC74HC30 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

lout 

DC Output Current, per Pin 

±25 

mA 

icc 

DC Supply Current, Vqc ^tid GND Pins 

±50 

mA 

pd 

Power Dissipation in Still Air Plastic DIPt 

SOIC Packaget 

750 

500 

mW 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

O 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

llouti — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vr,iit = 0.1 V or Vqq -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

llouti — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|HorV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

llouti — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or Vil llouti ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llouti ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|Hor V|l 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

llouti — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l Houfl ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llouti ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


lin 

Maximum Input Leakage Current 

Vin = Vqq or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

Icc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 

2 

20 

40 

pA 


Current (per Package) 

lout = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HC30 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6 ns) 



NOTES: 


1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 


CpD 

Power Dissipation Capacitance (Per Gate)* 

27 

pF 


* Used to determine the no-load dynamic power consumption: Pq = CpD VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 


TEST POINT 


* Includes all probe and jig capacitance 

Figure 1 . Switching Waveforms Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Quad 2-Input OR Gate 

High-Performance Silicon-Gate CMOS 

The l\/IC54/74HC32A is identical in pinout to the LS32. The device 
inputs are compatible with Standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 2 to 6V 

• Low Input Current: IpA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance With the JEDEC Standard No. 7A Requirements 

• Chip Complexity: 48 FETs or 12 Equivalent Gates 


LOGIC DIAGRAM 



PIN14 = Vcc 
PIN7 = GND 


Pinout: 14-Lead Packages (Top View) 
Vcc B4 A4 Y4 B3 A3 Y3 



MC54/74HC32A 


J SUFFIX 

CERAMIC PACKAGE 
CASE 632-08 


N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 


D SUFFIX 

SOIC PACKAGE 
CASE 751 A-03 


DT SUFFIX 

TSSOP PACKAGE 
CASE 948B-03 


ORDERING INFORMATION 

MC54HCXXAJ Ceramic 

MC74HCXXAN Plastic 

MC74HCXXAD SOIC 

MC74HCXXADT TSSOP 


FUNCTION TABLE 


Inputs 

Output 

A 

B 

Y 

L 

L 

L 

L 

H 

H 

H 

L 

H 

H 

H 

H 
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MC54/74HC32A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DIPt 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature 

— 65 to + 1 50 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


Plastic DIP, SOIC or TSSOP Package 

260 



Ceramic DIP 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnOrVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 
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MC54/74HC32A 


DC CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Condition 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 25°C 

<85°C 

<125°C 

V|H 

Minimum High-Level Input Voltage 

Vout = 0.1V or Vcc -0.1V 

2.0 

1.50 

1.50 

1.50 

V 



••out! - 20pA 

3.0 

2.10 

2.10 

2.10 





4.5 

3.15 

3.15 

3.15 





6.0 

4.20 

4.20 

4.20 


V|L 

Maximum Low-Level Input Voltage 

Vout = 0.1V or Vcc -0.1V 

2.0 

0.50 

0.50 

0.50 

V 



••out! - 20|J.A 

3.0 

0.90 

0.90 

0.90 





4.5 

1.35 

1.35 

1.35 





6.0 

1.80 

1.80 

1.80 


VOH 

Minimum High-Level Output 

Vin = V|H or V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out! - 20jiA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin =VlH or V|l Houfl ^ 2.4mA 

3.0 

2.48 

2.34 

2.20 




llouti ^ 4.0mA 

4.5 

3.98 

3.84 

3.70 




IIqu^I ^ 5.2mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H or VjL 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out! - 20|4A 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = ViHorV|L llouti^ 2.4mA 

3.0 

0.26 

0.33 

0.40 




••out! ^ 4.0mA 

4.5 

0.26 

0.33 

0.40 




••out^ — 5.2mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

1.0 

10 

40 

pA 


Current (per Package) 

•out = OjiA 







NOTE: Information on typical parametric values can be found in Chapter 2. 



AC CHARACTERISTICS (Cl = 50pF, Input tr = tf = 6ns) 




< 

<o 

o 

Guaranteed Limit 


Symbol 

Parameter 

-55 to 25°C 

<85°C 

<125°C 

Unit 

tPLH. 

Maximum Propagation Delay, Input A or B to Output Y 

2.0 

75 

95 

110 

ns 

tPHL 

(Figures 1 and 2) 

3.0 

30 

40 

55 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 2) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

10 

10 

10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and Information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V, Vee = 0 V 

CpD 

Power Dissipation Capacitance (Per Buffer)* 

20 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VcQ^f + Iqq Vqq. For load considerations, see Chapter 2. 
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MC54/74HC32A 



Figure 1. Switching Waveforms 



TEST 

POINT 



o 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T" 


III 


*lnclucles all probe and jig capacitance 

Figure 2. Test Circuit 



Figure 3. Expanded Logic Diagram 

(1/4 of the Device) 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Quad 2-Input OR Gate with 
LSTTL-Compatible Inputs 

High-Performance Silicon-Gate CMOS 

The MC54/74HCT32A may be used as a level converter for interfacing 
TTL or NMOS outputs to High-Speed CMOS inputs. 

The HCT32A is identical in pinout to the LS32. 

• Output Drive Capability: 1 0 LSTTL Loads 

• TTL/NMOS Compatible Input Levels 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 4.5 to 5.5 V 

• Low Input Current: 1 .0 jiA 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 64 FETs or 16 Equivalent Gates 


LOGIC DIAGRAM 



PIN14 = Vcc 
PIN7 = GND 


MC54/74HCT32A 



PIN ASSIGNMENT 

A1[ 

1 • 

14 

^ Vcc 

B1 [ 

2 

13 

] B4 

Y1[ 

3 

12 

] A4 

A2[ 

4 

11 

] Y4 

B2 [ 

5 

10 

] B3 

Y2[ 

6 

9 

] A3 

GND[ 

7 

8 

] Y3 



FUNCTION TABLE 


1 Inputs 

Output 

A 

B 

Y 

L 

L 

L 

L 

H 

H 

H 

L 

H 

H 

H 

H 


10/95 



MOTOROLA. 


© Motorola, Inc. 1995 


3-67 


REV 6 



MC54/74HCT32A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqq 4-1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

-0.5 to Vqq 4- 0.5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

'cc 

DC Supply Current, Vqc and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 


Tstg 

Storage Temperature 

-65t0 4- 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°c 


(Plastic DIP) 

260 

°c 


(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

4.5 

5.5 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time (Figure 1) 

0 

500 

ns 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vj^ and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcq). 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS FOR THE MC54/74HCT32A (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

Vcc 

Volts 

Guaranteed Limits 

Unit 

-55 to 25° C 

< 85°C 

< 125°C 

Min 

Max 

Min 

Max 

Min 

Max 

V|H 

Minimum High-Level 

Input Voltage 

Vout = 0.1 V or Vqq - 0.1 V 
llouti — 20 |iA 

4.5 

5.5 

2.0 

2.0 


2.0 

2.0 


2.0 

2.0 


V 

V|L 

Maximum Low-Level 

Input Voltage 

Vout = 0.1 V or Vqq - 0.1 V 
llouti — 20 |iA 

4.5 

5.5 


0.8 

0.8 


0.8 

0.8 


0.8 

0.8 

V 

VOH 

Minimum High-Level 

Output Voltage 

Vin = V|HorV|L 
llouti — 20 pA 

4.5 

5.5 

4.4 

5.4 


4.4 

5.4 


4.4 

5.4 


V 

Vin = V|HorV|L 
llouti — 4.0 mA 

5.5 

3.98 


3.84 


3.7 


VOL 

Maximum Low-Level 

Output Voltage 

Vin = V|Hor V|l 
llouti ^ 20 pA 

4.5 

5.5 


0.1 

0.1 


0.1 

0.1 


0.1 

0.1 

V 

Vin = V|HOrV|L 
llouti ^ 4.0 mA 

4.5 


0.26 


0.33 


0.4 

*in 

Maximum Input Leakage 
Current 

Vjn = Vcc 01' GND 

5.5 


±0.1 


±1.0 


±1.0 

pA 

•cc 

Maximum Quiescent Sup- 
ply Current (per Package) 

Vin = Vcc or GND 
lout = 0 pA 

5.5 


1.0 


10 


40 

pA 

Alee 

Additional Quiescent 

Supply Current 

Vjn = 2.4 V, Any One Input 

Vin = Vcc or GND, Other Inputs 
lout = 0 pA 

5.5 


>-55°C 

25°C to 
125°C 


mA 

2.9 

2.4 


NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC54/74HCT32A 


AC CHARACTERISTICS FOR THE MC54/74HCT32A (Vcc = 5.0 V ± 10%, Cl = 50 pF, Input tr = tf = 6.0 ns) 



NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 


CpD 

Power Dissipation Capacitance (Per Gate)* 

15 

pF 


Used to determine the no-load dynamic power consumption: Pq = Cpp VQQ2f + !qq Vqq. For load considerations, see Chapter 2. 



TEST POINT 



* Includes all probe and jig capacitance 


Figure 1. Switching Waveforms 


Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 
(1/4 OF THE DEVICE) 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


1 -of- 1 0 Decoder 

High-Performance Silicon-Gate CMOS 

The MC74HC42 is identical in pinout to the LS42. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

The HC42 decodes a BCD Address to one-of-ten active low outputs. For 
Address inputs with a hexadecimal equivalent greater than 9, all outputs, 
Y0-Y9, remain high (inactive). 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 104 FETs or 26 Equivalent Gates 


LOGIC DIAGRAM 



BCD 

ADDRESS 

INPUTS 



ACTIVE LOW 
OUTPUTS 


MC74HC42 



N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 



D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 


ORDERING INFORMATION 

MC74HCXXN Plastic 
MC74HCXXD SOIC 


PIN ASSIGNMENT 

Y0[ 

1* 

16 

] Vcc 

Y1 [ 

2 

15 

] AO 

Y2 C 

3 

14 

] A1 

Y3 [ 

4 

13 

] A2 

Y4[ 

5 

12 

] A3 

Y5[ 

6 

11 

] Y9 

Y6 [ 

7 

10 

] Y8 

GND [ 

8 

9 

] Y7 
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MC74HC42 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

-0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqq + 1 .5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqq GND Pins 

±50 

mA 

pd 

Power Dissipation in Still Air Plastic DIPt 

SOIC Package! 

750 

500 

mW 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 1 0 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: - 7 mW/°C from 65° to 1 25°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out! — 20 jiA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


VlL 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

llouti — 20 jiA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|Hor V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out! — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l (lout! ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llouti ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|HorViL 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out! — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or Vil llouti ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llouti ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HC42 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Input A to Output Y 

2.0 

150 

190 

225 

ns 

tPHL 

(Figures 1 and 2) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 2) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Package)* 

65 


* Used to determine the no-load dynamic power consumption; Pq = Cpp VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 




TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


-± 


* Includes all probe and jig capacitance 


Figure 1. Switching Waveforms 


Figure 2. Test Circuit 


FUNCTION TABLE 


Inputs 

Outputs 

A3 

A2 

A1 

AO 

YO 

Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

Y8 

Y9 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 
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MC74HC42 


PIN DESCRIPTIONS 

INPUTS OUTPUTS 

AO, A1, A2, A3, (Pins 15, 14, 13, 12) YO - Y9 (Pins 1 - 7, 9 - 11) 

BCD Address Inputs. The BCD address present at these Active-Low Decoded Outputs. These outputs assume a 

inputs determines which output is active-low. These inputs low level when addressed and remain high when not ad- 

are arranged such that A3 is the most-significant bit and AO dressed, 

is the least significant bit. Addresses with a hexadecimal 
equivalent number greater than nine are not decoded 


EXPANDED LOGIC DIAGRAM 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


2- Wide, 2-lnput/2-Wide, 

3- Input AND-NOR Gates 

High-Performance Silicon-Gate CMOS 

The MC74HC51 is identical in pinout to the LS51. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 42 FETs or 10.5 Equivalent Gates 


LOGIC DIAGRAM 




PIN14 = Vcc 
PIN7 = GND 
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MC74HC51 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

'in 

DC Input Current, per Pin 

±20 

mA 

'out 

DC Output Current, per Pin 

±25 

mA 

'cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packagef 

750 

500 

mW 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85° C 

<.125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

"out' — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

"out' — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|Hor V|l 

2.0 

1.9 

1.9 

1.9 



Voltage 

"out' ^ 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l "out' ^ ^.0 mA 

4.5 

3.98 

3.84 

3.70 




llout' ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

"out' — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = ViHorV|L llout' ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llout' ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


'in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 


>CC 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

2 

20 

40 

fa 


Current (per Package) 

'out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HC51 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 


Symbol 

Parameter 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Any Input to Output Y 

2.0 

125 

155 

190 

ns 

tPHL 

(Figures 1 and 2) 

4.5 

25 

31 

38 




6.0 

21 

26 

32 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 2) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Section)* 

23 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VQQ^f + Iqq Vqq. For load considerations, see Chapter 2. 




Figure 1. Switching Waveforms 


DEVICE 

UNDER 

TEST 


TEST POINT 
OUTPUT T 



* Includes all probe and jig capacitance 

Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


2- Wide, 2-lnput/2-Wide, 

3- Input AND-OR Gates 

High-Performance Silicon-Gate CMOS 

The MC74HC58 is identical to the MC74HC51 except that the outputs are 
inverted. The device inputs are compatible with standard CMOS outputs; 
with pullup resistors, they are compatible with LSTTL outputs. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 42 FETs or 10.5 Equivalent Gates 


MC74HC58 


1 

N SUFFIX 

PLASTIC PACKAGE 

CASE 646-06 

1 

D SUFFIX 

SOIC PACKAGE 
CASE 751 A-03 

ORDERING INFORMATION 

MC74HCXXN 

Plastic 

MC74HCXXD 

SOIC 


LOGIC DIAGRAM 



PIN14 = Vcc 
PIN7 = GND 


PIN ASSIGNMENT 


A1 C 1 • 
A2[ 2 
B2 [ 3 
C2[ 4 
D2C 5 
Y2[ 6 
GND[ 7 


14 ] Vcc 
13 ] Cl 
12 ] B1 
11 ] F1 
10 ] El 
9 ] D1 
8 ] Y1 



FUNCTION TABLES 


Inputs 

Output 

A1 B1 Cl D1 El FI 

Y1 

H H H X X X 

H 

X X X H H H 

H 

Any other combinations 

L 


Inputs 

Output 

A2 B2 

C2 

D2 

Y2 

H H 

X 

X 

H 

X X 

H 

H 

H 

Any other combinations 


L 
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MC74HC58 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

lout 

DC Output Current, per Pin 

±25 

mA 

icc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW. 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOIC Package: - 7 mW/°C from 65° to 125° C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vin and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out^ — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

llouti ^ 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|H or V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

llouti ^ 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or Vil llouti ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llouti ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VoL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••outl — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l llouti ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llouti ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 

2 

20 

40 

pA 


Current (per Package) 

lout = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HC58 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6 ns) 


Symbol 

Parameter 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

PLH. 

Maximum Propagation Delay, Any Input to Output Y 

2.0 

125 

155 

190 

ns 

tpHL 

(Figures 1 and 2) 

4.5 

25 

31 

38 




6.0 

21 

26 

32 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

^THL 

(Figures 1 and 2) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Section)* 

22 


* Used to determine the no-load dynamic power consumption: Pq = Cpo Vcc^^ + •CC ^CC- 1^°'' considerations, see Chapter 2. 



TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 



4 : 



* Includes all probe and jig capacitance 


Figure 1. Switching Waveforms 


Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 




Y2 


PIN14 = Vcc 
PIN7 = GND 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Dual J-K Flip-Flop with Reset 

High-Performance Silicon-Gate CMOS 

The MC74HC73 is identical in pinout to the LS73. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

Each flip flop is negative-edge clocked and has an active-low asynchro- 
nous reset. 

The MC74HC73 is identical in function to the HC107, but has a different 
pinout. 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 92 FETs or 23 Equivalent Gates 



LOGIC DIAGRAM 


J1 

CLOCK 1 
K1 

RESET 1 
J2 

CLOCK 2 
K2 

RESET 2 




PIN4 = Vcc 

PIN11=GND 


MC74HC73 



N SUFFIX 

1 

PLASTIC PACKAGE 
CASE 646-06 


D SUFFIX 

SOIC PACKAGE 

1 

CASE 751 A-03 

ORDERING INFORMATION 

MC74HCXXN 

Plastic 

MC74HCXXD 

SOIC 


PIN ASSIGNMENT 

CLOCK 1 C 

1 • 

14 

] J1 

RESET 1 [ 

2 

13 


K1 [ 

3 

12 

] 01 

vcc C 

4 

11 

] GND 

CLOCK 2 [ 

5 

10 

] K2 

RESET 2 [ 

6 

9 

] 02 

J2[ 

7 

8 

] 02 


FUNCTION TABLE 


Inputs 

Outputs 

Reset 

Clock 

J 

K 

Q Q 

L 

X 

X 

X 

L H 

H 

A. 

L 

L 

No Change 

H 

■V 

L 

H 

L H 

H 


H 

L 

H L 

H 


H 

H 

Toggle 

H 

L 

X 

X 

No Change 

H 

H 

X 

X 

No Change 

H 

V 

X 

X 

No Change 
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MC74HC73 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

'in 

DC Input Current, per Pin 

±20 

mA 

'out 

DC Output Current, per Pin 

±25 

mA 

'cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW 

^stg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
fDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOIC Package: -7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tptf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc). 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

"out' — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

"out' — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|HorV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

"out' — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l "out' ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




"out' — ^’2 rnA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|HorV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

"out' — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l llout' ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




"out' — mA 

6.0 

0.26 

0.33 

0.40 


'in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

'cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

4 

40 

80 

pA 


Current (per Package) 

'out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HC73 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 





Guaranteed Limit 




Vcc 

-55 to 




Symbol 

Parameter 

V 

25°C 

< 85°C 

< 125°C 

Unit 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 


(Figures 1 and 4) 

4.5 

30 

24 

20 




6.0 

35 

28 

24 


tPLH. 

Maximum Propagation Delay, Clock to Q or Q 

2.0 

125 

155 

190 

ns 

tPHL 

(Figures 1 and 4) 

4.5 

25 

31 

38 




6.0 

21 

26 

32 


tPLH. 

Maximum Propagation Delay, Reset to Q or Q 

2.0 

155 

195 

235 

ns 

tPHL 

(Figures 2 and 4) 

4.5 

31 

39 

47 




6.0 

26 

33 

40 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 4) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Qn 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 





Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Flip-Flop)* 

35 


* Used to determine the no-load dynamic power consumption: Pq = CpD VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Input ^ = tf = 6 ns) 


Symbol 

Parameter 

Vcc 

V 

Guaranteed Limit 

Unit 

- 55 to 
25° C 

< 85°C 

< 125°C 

tsu 

Minimum Setup Time, J or K to Clock 

2.0 

100 

125 

150 

ns 


(Figure 3) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


th 

Minimum Hold Time, Clock to J or K 

2.0 

3 

3 

3 

ns 


(Figure 3) 

4.5 

3 

3 

3 




6.0 

3 

3 

3 


tree 

Minimum Recovery Time, Reset Inactive to Clock 

2.0 

100 

125 

150 

ns 


(Figure 2) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


tw 

Minimum Pulse Width, Clock 

2.0 

80 , 

100 

120 

ns 


(Figure 1) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tw 

Minimum Pulse Width, Reset 

2.0 

80 

100 

120 

ns 


(Figure 2) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tp tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HC73 


SWITCHING WAVEFORMS 



* Includes all probe and jig capacitance 

Figure 4. 


EXPANDED LOGIC DIAGRAM 








MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Dual D Flip-Flop with Set 
and Reset 

High-Performance Silicon-Gate CMOS 

The MC54/74HC74A is identical in pinout to the LS74. The device inputs 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

This device consists of two D flip-flops with individual Set, Reset, and 
Clock inputs. Information at a D-input is transferred to the corresponding Q 
output on the next positive going edge of the clock input. Both Q and Q 
outputs are available from each flip-flop. The Set and Reset inputs are 
asynchronous. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2.0 to 6.0 V 

• Low Input Current: 1 .0 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 128 FETs or 32 Equivalent Gates 



LOGIC DIAGRAM 



Q1 


Q2 


MC54/74HC74A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 632-08 



N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 



D SUFFIX 

SOIC PACKAGE 
CASE 751 A-03 


DT SUFFIX 

TSSOP PACKAGE 
CASE 948G-01 

ORDERING INFORMATION 

MC54HCXXAJ Ceramic 

MC74HCXXAN Plastic 

MC74HCXXAD SOIC 

MC74HCXXADT TSSOP 


PIN ASSIGNMENT 

RESET 1 [ 

1 • 

14 

^ vcc 

DATA 1 C 

2 

13 

] RESET 2 

CLOCK 1 [ 

3 

12 

] DATA 2 

SET1 C 

4 

11 

] CLOCK 2 

Q1 [ 

5 

10 

] SET2 


6 

9 

] 02 

GND [ 

7 

8 

] ^ 


FUNCTION TABLE 


Inputs 

Outputs 

Set 

Reset 

Clock 

Data 

Q 

Q 

L 

H 

X 

X 

H 

L 

H 

L 

X 

X 

L 

H 

L 

L 

X 

X 

H* 

H* 

H 

H 

y’ 

H 

H 

L 

H 

H 

y 

L 

L 

H 

H 

H 

L 

X 

No Change 

H 

H 

H 

X 

No Change 

H 

H 

■V 

X 

No Change 


* Both outputs will remain high as long as 
Set and Reset are low, but the output 
states are unpredictable if Set and Reset 
go high simultaneously. 
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MC54/74HC74A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vcc + 1-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

'in 

DC Input Current, per Pin 

±20 

mA 

'out 

DC Output Current, per Pin 

±25 

mA 

'cc 

DC Supply Current, Vqc and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature 

- 65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC or TSSOP Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


Ceramic DIP: - 10 mW/°Cfrom 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnOrVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figures 1, 2, 3) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

"out' — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.5 

0.5 

0,5 

V 


Voltage 

"out' — 20 pA 

4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


VOH 

Minimum High-Level Output 

Vin = V|HorV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

1 

o 

OJ 

VI 

_p 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = ViH or Vil "out' ^ 4.0 mA 

4.5 

3.98 

3.84 

3.7 




"out' - 6.2 mA 

6.0 

5.48 

5.34 

5.2 


VOL 

Maximum Low-Level Output 

Vin = V|HorV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

"out' — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l 'lout' ^ 4.0 mA 

4.5 

0.26 

0.33 

0.4 




llout' ^ 5.2 mA 

6.0 

0.26 

0.33 

0.4 
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MC54/74HC74A 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) - continued 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

I Guaranteed Limit | 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

•in 

Maximum Input Leakage Current 

Vin = VcC or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 
Current (per Package) 

Vin = VccorGND 
•out = 0 pA 

6.0 

2.0 

20 

80 

pA 


NOTE: Information on typical parametric values can be found in Chapter 2. 



AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6.0 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

fmax 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 


(Figures 1 and 4) 

4.5 

30 

24 

20 




6.0 

35 

28 

24 


tPLH> 

Maximum Propagation Delay, Clock to Q or Q 

2.0 

100 

125 

150 

ns 

tpHL 

(Figures 1 and 4) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


tPLH. 

Maximum Propagation Delay, Set or Reset to Q or Q 

2.0 

105 

130 

160 

ns 

tPHL 

(Figures 2 and 4) 

4.5 

21 

26 

32 




6.0 

18 

22 

27 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 4) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Flip-Flop)* 

39 


* Used to determine the no-load dynamic power consumption: Pp = Cpo VQc^f + |qq Vcc- For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Input V = tf = 6.0 ns) 


Symbol 

Parameter 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

^su 

Minimum Setup Time, Data to Clock 

2.0 

80 

100 

120 

ns 


(Figure 3) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


th 

Minimum Hold Time, Clock to Data 

2.0 

3.0 

3.0 

3.0 

ns 


(Figure 3) 

4.5 

3.0 

3.0 

3.0 




6.0 

3.0 

3.0 

3.0 


Vec 

Minimum Recovery Time, Set or Reset Inactive to Clock 

2.0 

8.0 

8.0 

8.0 

ns 


(Figure 2) 

4.5 

8.0 

8.0 

8.0 




6.0 

8.0 

8.0 

8.0 


tw 

Minimum Pulse Width, Clock 

2.0 

60 

75 

90 

ns 


(Figure 1) 

4.5 

12 

15 

18 




6.0 

10 

13 

15 


tw 

Minimum Pulse Width, Set or Reset 

2.0 

60 

75 

90 

ns 


(Figure 2) 

4.5 

12 

15 

18 




6.0 

10 

13 

15 


tptf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figures 1,2,3) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 
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SEMICONDUCTOR TECHNICAL DATA 


Dual D Flip-Flop with 
Set and Reset with LSTTL 
Compatibie Inputs 

High-Performance Silicon-Gate CMOS 

The MC74HCT74A is identical in pinout to the LS74. This device may be 
used as a level converter for interfacing TTL or NMOS outputs to High Speed 
CMOS inputs. 

This device consists of two D flip-flops with individual Set, Reset, and 
Clock inputs. Information at a D-input is transferred to the corresponding Q 
output on the next positive going edge of the clock input. Both Q and Q 
outputs are available from each flip-flop. The Set and Reset inputs are 
asynchronous. 

• Output Drive Capability: 10 LSTTL Loads 

• TTL NMOS Compatible Input Levels 

® Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 4.5 to 5.5 V 

• Low Input Current: 1 .0 pA 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 136 FETs or 34 Equivalent Gates 



LOGIC DIAGRAM 



Q1 

QT 


Q2 


PIN14 = Vcc 
PIN7 = GND 


Design Criteria 

Value 

Units 

Internal Gate Count* 

34 

ea. 

Internal Gate Propagation Delay 

1.5 

ns 

Internal Gate Power Dissipation 

5.0 

pW 

Speed Power Product 

.0075 

pj 


* Equivalent to a two-input NAND gate. 


MC74HCT74A 


N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 


D SUFFIX 

SOIC PACKAGE 
CASE 751 A-03 


ORDERING INFORMATION 

MC54HCTXXAJ Ceramic 

MC74HCTXXAN Plastic 

MC74HCTXXAD SOiC 



PIN ASSIGNMENT 


RESET 1 
DATA1 
CLOCK 1 
SET1 
Q1 

GND 


3 Vcc 

] RESET 2 
] DATA 2 
] CLOCK 2 
] SET2 
] 02 
] ^ 


[ 1* 

14 

[ 2 

13 

[ 3 

12 

[ 4 

11 

[ 5 

10 

[ 6 

9 

[ 7 

8 


FUNCTION TABLE 


Inputs 1 

Outputs 

Set 

Reset 

Clock Data 

Q 

Q 

L 

H 

X 

X 

H 

L 

H 

L 

X 

X 

L 

H 

L 

L 

X 

X 

H* 

H* 

H 

H 

J- 

H 

H 

L 

H 

H 

J- 

L 

L 

H 

H 

H 

L 

X 

No Change 

H 

H 

H 

X 

No Change 

H 

H 

■V 

X 

No Change 


Both outputs will remain high as long as 
Set and Reset are low, but the output 
states are unpredictable if Set and Reset 
go high simultaneously. 
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MC74HCT74A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vcc + 1 -5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Package! 

750 

500 

mW 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP; -10mW/°C from 65° to 125°C 


SOIC Package; -7mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (Vjp or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

4.5 

5.5 

V 

Vin- Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr-tf 

Input Rise and Fall Time (Figure 1) 

0 

500 

ns 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

^ < 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

4.5 

2.0 

2.0 

2.0 

V 


Voltage 

"out' — 20 jiA 

5.5 

2.0 

2.0 

2.0 


VlL 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

4.5 

0.8 

0.8 

0.8 

V 


Voltage 

"out' — 20 [lA 

5.5 

0.8 

0.8 

0.8 


VOH 

Minimum High-Level Output 

Vin = V|Hor V||_ 

4.5 

4.4 

4.4 

4.4 

V 


Voltage 

"out' — 20 pA 

5.5 

5.4 

5.4 

5.4 




Vm = ViHor Vil 
" out' — ^'0 mA 

4.5 

3.98 

3.84 

3.7 


VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

4.5 

0.1 

0.1 

0.1 

V 


Voltage 

"out' — 20 pA 

5.5 

0.1 

0.1 

0.1 




Vin = V|HorV|L 
llout' ^ 4.0 mA 

4.5 

0.26 

0.33 

0.4 


'in 

Maximum Input Leakage Current 

Vin = Vcc GND 

5.5 

±0.1 

±1.0 

±1.0 

pA 

'cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

5.5 

2.0 

20 

80 

pA 


Current (per Package) 

'out = 0 pA 







Alec 


Additional Quiescent Supply 
Current 


Vjp = 2.4 V, Any One Input 
Vin = Vqc or GND, Other Inputs 
lout = 0 pA 


5.5 


>-55°C 

25°Cto125°C 

2.9 

2.4 


mA 


NOTE; Information on typical parametric values can be found in Chapter 2. 
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MC74HCT74A 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V ± 10%, Cl = 50 pF, Input tr = tf = 6.0 ns) 




Guaranteed Limit 


Symbol 

Parameter 

-55 to 
25°C 

< 85°C 

< 125°C 

Unit 

fmax 

Maximum Clock Frequency (50% Duty Cycle) 

(Figures 1 and 4) 

30 

24 

20 

MHz 


Maximum Propagation Delay, Clock to Q or Q 
(Figures 1 and 4) 

24 

30 

36 

ns 

tpLH. 

tPHL 

Maximum Propagation Delay, Set or Reset to Q or Q 
(Figures 2 and 4) 

24 

30 



tTLH. 

tTHL 

Maximum Output Transition Time, Any Output 
(Figures 1 and 4) 

15 

19 



Cjn 

Maximum Input Capacitance 

10 

10 

10 

pF 


NOTE; For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5-0 V 


Power Dissipation Capacitance (Per Enabled Output)* 

130 


* Used to determine the no-load dynamic power consumption: Pq = CpD Vcc^^ + ICC ^CC- For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Vcc = 5.0 V ± 10%, Cl = 50 pF, Input tr = tf = 6.0 ns) 


Symbol 

Parameter 

Fig. 

Guaranteed Limit 

Units 

-55 to 

25° C 

< 85°C 

< 125°C 

Min 

Max 

Min 

Max 

Min 

Max 

^su 

Minimum Setup Time, Data to Clock 

3 

15 


19 


22 


ns 

th 

Minimum Hold Time, Clock to Data 

CO 

3 


3 


3 


ns 

Vec 

Minimum Recovery Time, Set or Reset Inactive to Clock 

2 

6 


8 


9 


BSI 

tw 

Minimum Pulse Width, Clock 

1 



19 




ISI 

tw 

Minimum Pulse Width, Set or Reset 

2 



19 


22 

I 

. 

mm 

tr.tf 

Maximum Input Rise and Fall Times 

1 


500 




500 

ns 
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MC74HCT74A 


SWITCHING WAVEFORMS 





TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

"T" 


4 : 



* Includes all probe and jig capacitance 


Figure 3. 


Figure 4. 


EXPANDED LOGIC DIAGRAM 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Dual 2-Bit Transparent Latch 

High-Performance Silicon-Gate CMOS 

The MC74HC75 is identical in pinout to the LS75. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

This device consists of two independent 2-bit transparent latches. Each 
latch stores the input data while Latch Enable is at a logic low. The outputs 
follow the data inputs when Latch Enable is at a logic high. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 80 FETs or 20 Equivalent Gates 


LOGIC DIAGRAM 



DATA I DO 
INPUTS] 


LATCH 

ENABLE 


2,6 


16,10 

3,7 


1,11 


2-BIT 

15,9 


TRANSPARENT 

LATCH 

14,8 



13,4 

Y 



PIN5 = Vcc 

PIN 12 = GND 



QO 

Q1 


MC74HC75 



PIN ASSIGNMENT 

Q0a[ 

1 • 

16 

] QOa 

D0a[ 

2 

15 

]Q1a 

D1a[ 

3 

14 

]QTa 

LEb[ 

4 

13 

]LEa 

vcct 

5 

12 

] GND 

DOb [ 

6 

11 

]Q6b 

Dibt 

7 

10 

] QOb 

OTbC 

8 

9 

] Q1b 


FUNCTION TABLE 


Inputs 

Outputs 

Latch 

D Enable 

Q Q 

L H 

H H 

X L 

L H 

H L 

QO QO 


X = don’t care 
QO = latched data 
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MC74HC75 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vcc + T5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 

V 

'in 

DC Input Current, per Pin 

±20 

mA 

'out 

DC Output Current, per Pin 

±25 

mA 

'cc 

DC Supply Current, Vcc ^>^^1 GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOIC Package; -7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ ^CC- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

"out' — 20 |iA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

"out' — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|Hor VjL 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

"out' — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vjn = V|H or V|l llout' ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llout' ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V!H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

"out' — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = ViH or V|l llout' ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




"out' — 5.2 mA 

6.0 

0.26 

0.33 

0.40 


'in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

'cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

4 

40 

80 

pA 


Current (per Package) 

'out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tptf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0. 

500 




Vcc = 6.0 V 

0 

400 
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MC74HC75 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tp = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, D to Q 


125 

155 

190 

ns 

tPHL 

(Figures 1 and 5) 


25 

31 

38 




6.0 

21 

26 

32 


tPLH. 

Maximum Propagation Delay, D to Q 

2.0 


140 

165 

ns 

tPHL 

(Figures 1 and 5) 

4.5 


28 

33 




6.0 


24 

28 


tPLH- 

Maximum Propagation Delay, Latch Enable to Q 

2.0 

145 

180 

220 

ns 

tPHL 

(Figures 2 and 5) 

4.5 

29 

36 

44 




6.0 

25 

31 

* 38 


tPLH- 

Maximum Propagation Delay, Latch Enable to Q 

2.0 

125 

155 



tPHL 

(Figures 2 and 5) 

4.5 

25 

31 





6.0 

21 

26 



tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 



tTHL 

(Figures 3 and 5) 

4.5 

15 

19 





6.0 

13 

16 



Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES; 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 
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TIMING REQUIREMENTS (Input tp = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

^su 

Minimum Setup Time, D to Latch Enable 

2.0 

100 

125 

150 



(Figure 4) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


th 

Minimum Hold Time, Latch Enable to D 


25 

30 

40 



(Figure 4) 


5 

6 

8 





5 

6 

7 

mM 

tyv 

Minimum Pulse Width, Latch Enable Input 

2.0 

80 

100 




(Figure 4) 

4.5 

16 

20 





6.0 

14 

17 


■i 

tn tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 


CpD 

Power Dissipation Capacitance (Per Latch)* 

35 

pF 


* Used to determine the no-load dynamic power consumption: Pp = Cpo Vcc^f + ICC ^CC- considerations, see Chapter 2. 
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MC74HC75 


SWITCHING WAVEFORMS 



LATCH . 

ENABLE / 

4o% 

\ ; 

1 

tPLH — ► 

0 

] 



-^tPHL 

^50% 

r- 

\ 

1 

tPHL— ► 


^tpLH 

Q 

^50% / 

1 


Figure 2. 



Figure 3. 


D 


LATCH 

ENABLE 



Vcc 

GND 

vcc 

GND 


tw 


Figure 4. 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 



4 : 



* Includes all probe and jig capacitance 

Figure 5. Test Circuit 


EXPANDED LOGIC DIAGRAM 


DATA 

INPUTS 



QO 


QO 


01 


01 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Dual JK Flip-Flop 
With Set and Reset 

High-Performance Silicon-Gate CMOS 

The MC74HC76 is identical in pinout to the LS76. The device inputs 
are compatible with Standard CMOS outputs; with pullup resistors, they 
are compatible with LSTTL outputs. 

Each flip-flop Is negative-edge clocked and has active-low asynchro- 
nous Set and Reset inputs. 

The HC76 is identical in function to the HC112, but has a different 
pinout. 



• Similar in Function to the LS76 Except When Set and Reset Are 
Low Simultaneously 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 2 to 6V 

• Low Input Current: 1pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance With the JEDEC Standard No. 7A Requirements 

• Chip Complexity: 100 FETs or 25 Equivalent Gates 

LOGIC DIAGRAM 




PIN13 = GND 


FUNCTION TABLE 



* Both outputs will remain low as long as Set and Reset are low, but the output states are 
unpredictable if Set and Reset go high simultaneously. 


MC74HC76 


1 

N SUFFIX 

PLASTIC PACKAGE 

CASE 648-08 

1 

D SUFFIX 

SOIC PACKAGE 

CASE 751 B-05 

ORDERING INFORMATION 

MC74HCXXN 

Plastic 

MC74HCXXD 

SOIC 


Pinout: 1 6-Lead Packages (Top View) 

Clocki [T 


T^ki 

Sett [T 


^Q1 

Resell [T 


^qt 

J1 [T 


l^GND 

VccU 


^K2 

Clock2 [T 


ii]Q2 

Set2[T 


^02 

Reset2 [T 


T]J2 
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MC74HC76 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vcc GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPt 

SOIC Package! 

750 

500 

mW 

Tstg 

Storage Temperature Range 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
Plastic DIP or SOIC Package 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
fDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: -7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise/Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 




DC CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Condition 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 25°C 

<85°C 

<125°C 

VlH 

Minimum High-Level Input Voltage 

Vout = 0.1V or Vcc -0.1V 

2.0 

1.50 

1.50 

1.50 

V 



••out! - 20(xA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.20 

4.20 

4.20 


V|L 

Maximum Low-Level Input Voltage 

Vout = 0.1V or Vcc -0.1V 

2.0 

0.3 

0.3 

0.3 

V 



••out! - 20)iA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|H orVfi 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out! - 20|J.A 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin =V|H or V|l Hout^ ^ 4.0mA 

4.5 

3.98 

3.84 

3.70 




••out^ — 5.2mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orViL 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 20p,A 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l Houtl ^ 4.0mA 

4.5 

0.26 

0.33 

0.40 




••out^ — 5.2mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc O'" GiND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc O'" 

6.0 

4 

40 

80 

pA 


Current (per Package) 

•out = OpA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HC76 


AC CHARACTERISTICS (Cl = 50pF, Input V = tf = 6ns) 




Vcc 

V 

Guaranteed Limit 


Symbol 

Parameter 

-55 to 25°C 

<85°C 

<125°C 

Unit 

fmax 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 


(Figures 1 and 4) 

4.5 

30 

24 

20 




6.0 

35 

28 

24 


tPLH. 

Maximum Propagation Delay, Clock to Q or Q 

2.0 

125 

155 

190 

ns 

tPHL 

(Figures 1 and 4) 

4.5 

25 

31 

38 




6.0 

21 

26 

32 


tPLH. 

Maximum Propagation Delay, Reset to Q or Q 

2.0 

155 

195 

235 

ns 

tPHL 

(Figures 2 and 4) 

4.5 

31 

39 

47 




6.0 

26 

33 

40 


tPLH. 

Maximum Propagation Delay, Set to Q or Q 

2.0 

165 

205 

250 

ns 

tPHL 

(Figures 2 and 4) 

4.5 

33 

41 

50 




6.0 

28 

35 

43 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 4) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


^in 

Maximum Input Capacitance 

10 

10 

10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V, Vee = 0 V 

CpD 

Power Dissipation Capacitance (Per Flip-Flop)* 

35 


* Used to determine the no-load dynamic power consumption: Pd = Cpo VQQ2f + Iqq Vqq. For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Input tr = tf = 6ns) 




Vcc 

V 

Guaranteed Limit 


Symbol 

Parameter 

-55 to 25°C 

<85°C 

<125°C 

Unit 

tsu 

Minimum Setup Time, J or K to Clock 

2.0 

100 

125 

150 

ns 

(Figure 3) 

4.5 

20 

25 

30 




6.0 

17' 

21 

26 


th 

Minimum Hold Time, Clock to J or K 

2.0 

3 

3 

3 

ns 

(Figure 3) 

4.5 

3 

3 

3 




6.0 

3 

3 

3 


Vec 

Minimum Recovery Time, Set or Reset Inactive to Clock 

2.0 

100 

125 

150 

ns 

(Figure 2) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


tw 

Minimum Pulse Width, Clock 

2.0 

80 

100 

120 

ns 

(Figure 1) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tw 

Minimum Pulse Width, Set or Reset 

2.0 

80 

100 

120 

ns 

(Figure 2) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tr.tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 

(Figure 1) 

4.5 

500 

500 

500 



i 

6.0 

400 

400 

400 



NOTE: For information on typical parametric values, see Chapter 2. 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


4-Bit Magnitude Comparator 

High-Performance Silicon-Gate CMOS 

The MC74HC85 is identical in pinout and function to the LS85. This device 
is similar in function to the MM74C85 and L85, but has a different pinout. The 
device inputs are compatible with standard CMOS outputs; with pullup 
resistors, they are compatible with LSTTL outputs. 

This 4-Bit Magnitude Comparator compares two 4-bit nibbles and gives a 
high voltage level on either the A > Bout. A = Bout, or A < Bout output, leaving 
the other two at a low voltage level. This device also has A > Bjn, A= Bjn, and 
A < Bjn inputs, eliminating the need for external gates when cascading. 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 248 FETs or 62 Equivalent Gates 



LOGIC DIAGRAM 



COMPARISON 

OUTPUTS 


MC74HC85 



N SUFFIX 

PLASTIC PACKAGE 

1 

CASE 648-08 


DT SUFFIX 

TSSOP PACKAGE 

1 

CASE 948F-01 

ORDERING INFORMATION 

MC74HCXXN 

Plastic 

MC74HCXXDT TSSOP 


PIN ASSIGNMENT 


B3C 

A < Bin C 2 
A = Bjn [ 3 
A > Bin [ 4 
A > Bout C 5 
A = Bout C 6 
A < Bout C 7 
GND[ 8 


16 ] Vcc 
15 ] A3 
14 ] B2 
13 ] A2 
12 ] A1 
11 ] B1 
10 ] AO 
9 ] BO 
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MC74HC85 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 


Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 


Vin 

DC Input Voltage (Referenced to GND) 

- 1.5 to Vcc + 1-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 


DC Input Current, per Pin 

±20 

mA 

HjQIHI 

DC Output Current, per Pin 

±25 

mA 

Icc 

DC Supply Current, Vqc and GND Pins 

±50 

IQQI 

Pd 

Power Dissipation in Still Air Plastic DIPt 

TSSOP Packaget 



Tstg 

Storage Temperature 

- 65 to + 1 50 

5 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or TSSOP) 

260 

H 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 



Parameter 

Min 


Ufiy 


DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

V.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, ^in and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc). 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

Vcc 

V 


Unit 

-55 to 
25°C 

< 85°C 

< 125°C 



Vout = 0.1 V or Vcc -0.1 V 

2.0 







I'outl — 20 (lA 

4.5 








6.0 





V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

Houtl — 20 )iA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 



Minimum High-Level Output 

Vin = V|H orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

l^outl — 20 jiA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l Hout* ^ 4.0 mA 


3.98 

3.84 

3.70 




llout^ — 6.2 mA 


5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H or V|l 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

l^out* — 20 |iA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 






0.26 

0.33 

0.40 






0.26 

0.33 

0.40 


lin 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 


•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

8 

80 


pA 


Current (per Package) 

1 

lout = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HC85 



AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 


Symbol 

Parameter 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 



tPLH. 

Maximum Propagation Delay, Inputs A or B to Outputs A> B 

2.0 

230 

290 

345 

ns 

tPHL 

orA<B 

4.5 

46 


69 



(Figures 1 and 2) 

6.0 

39 


59 


tPLH. 

Maximum Propagation Delay, Inputs A or B to Output A = B 

2.0 

200 

250 

300 

ns 

tPHL 

(Figures 1 and 2) 

4.5 

40 

50 

60 




6.0 

34 

43 

51 



Maximum Propagation Delay, Inputs A < B or A = B to Output A > B 

2.0 

175 

220 

265 

BjRBjjjl 


(Figures 1 and 2) 

4.5 

35 

44 


■B 



6.0 

30 

37 

■i 

Wm 

tPLH. 

Maximum Propagation Delay, Inputs A>B or A = B to Output A < B 






tPHL 

(Figures 1 and 2) 



Bil 





6.0 


mm 

mm 

■1 


Maximum Propagation Delay, Input A = B to Output A = B 

2.0 

145 

180 

220 

ns 


(Figures 1 and 2) 

4.5 

29 

36 

44 




6.0 

25 

31 

38 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 




tTHL 

(Figures 1 and 2) 

4.5 

15 






6.0 

13 




C^in 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CPD 

Power Dissipation Capacitance (Per Package)* 

50 


* Used to determine the no-load dynamic power consumption: Pq = Cpp Vcc^f + iqq Vcc- •osd considerations, see Chapter 2. 



TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

T 




* Includes all probe and jig capacitance 


Figure 1. Switching Waveforms 


Figure 2. Test Circuit 
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MC74HC85 


PIN DESCRIPTIONS 


INPUTS 

AO, A1, A2, A3 (Pins 10, 12, 13, 15) 

Data Nibble A Inputs. The data nibble present at these in- 
puts is compared to Data Nibble B. A3 is the most significant 
bit and AO is the least significant bit. 

BO, B1, B2, B3 (Pins 9, 11, 14, 1) 

Data Nibble B Inputs. The data nibble present at these in- 
puts is compared to Data Nibble A. B3 is the most significant 
bit and BO is the least significant bit. 

CONTROLS 

A > Bjn, A = Bjn, A < Bjn (Pins 4, 3, 2) 

Cascading Inputs. These Inputs determine the states of 
the outputs only when Data Nibble A equals Data Nibble B. 
The A = Bjn input overrides both the A > Bjn and A < Bjn 
inputs. 

For single stage operation or for the least significant stage 
in cascaded operation, the A < Bjn and A > Bjn inputs should 
be tied to ground and the A = Bjn input tied to Vcc- Between 
cascaded comparators, the A < Bout. A = Bout, and A > Bout 


outputs should be tied to A < Bjn, A = Bjn, and A > Bjn, re- 
spectively, of the succeeding stage. 

OUTPUTS 

A > Bout (Pin 5) 

A-Greater-Than-B Output. This output is at a high volt- 
age level when Nibble A is greater than Nibble B, regardless 
of the data present at the cascading inputs. This output is 
also high when Nibble A equals Nibble B and the A > Bjn in- 
put is high (A < Bjn and A = Bjn are at a low voltage level). 

A = Bout (Pin 6) 

A-Equals-B Output. This output is high when Nibble A 
equals Nibble B and the A = Bjn input is high. A < Bjn and 
A > Bjn have no effect when the comparator is in this condi- 
tion and A = Bjn is at a high voltage level. 

A < Bout (Pin 7) 

A-Less-Than-B Output. This output is at a high voltage 
level when Nibble A is less than Nibble B, regardless of data 
present at the cascading inputs. This output is also high 
when Nibble A equals Nibble B and the A < Bjn input is high 
(A > Bjn and A = Bjn are at a low voltage level). 



FUNCTION TABLE 


Data Inputs 

Cascading Inputs 

Output 

A3, B3 

A2, B2 

A1,B1 

AO, BO 

A>Bin 

c 

II 

< 

A<Bjn 

A > Bout 

A = Bout 

A < Bout 

A3>B3 

X 

X 

X 

X 

X 

X 

H 

L 

L 

A3<B3 

X 

X 

X 

X 

X 

X 

L 

L 

H 

A3=B3 

A2>B2 

X 

X 

X 

X 

X 

H 

L 

L 

CO 

CQ 

II 

CO 

< 

A2< B2 

X 

X 

X 

X 

X 

L 

L 

H 

A3 = B3 

A2 = B2 

A1 >B1 

X 

X 

X 

X 

H 

L 

L 

A3 = B3 

A2 = B2 

A1 <B1 

X 

X 

X 

X 

L 

L 

H 

A3 = B3 

A2=B2 

A1=B1 

A0> BO 

X 

X 

X 

H 

L 

L 

CO 

CO 

II 

CO 

< 

A2=B2 

A1=B1 

A0<B0 

X 

X 

X 

L 

L 

H 

CO 

CD 

II 

CO 

< 

A2 = B2 

A1 = B1 

II 

U3 

O 

L 

L 

L 

H 

L 

H 

CO 

CD 

II 

CO 

< 

CM 

CD 

II 

CM 

< 

A1=B1 

O 

CD 

II 

< 

L 

L 

H 

L 

L 

H 

CO 

CD 

II 

CO 

< 

A2 = B2 

A1=B1 

o 

CD 

II 

O 

< 

H 

L 

L 

H 

L 

L 

A3 = B3 

A2 = B2 

A1=B1 

A0=B0 

H 

L 

H 

L 

L 

L 

CO 

CD 

II 

CO 

< 

A2 = B2 

A1=B1 

> 

o 

II 

CD 

O 

X 

H 

X 

L 

H 

L 


X = Don’t Care 
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TYPICAL APPLICATION 
CASCADING COMPARATORS 


LEAST- 

SIGNIFICANT 

4-BIT 

NIBBLES 


GND 

vcc 

GND 

AO 

A1 

A2 

A3 

BO 

B1 

B2 

B3 

A4 

A5 

A6 

A7 

B4 

B5 

B6 

B7 


A> Bjn 
A = Bjn 
A < Bjn 


HC85 


A > Bout 
A = Bout 
A < Bout 


A>Bjn 
A = Bjn 
A< Bjn 


HC85 


A > Bout 
A = Bout 
A < Bout 


MOST- 

SIGNIFICANT 

4-BIT 

NIBBLES 


A8 

A9 

A10 

A11 

B8 

B9 


MC74HC85 


A> Bjn 
A = Bjn 
A< Bjn 


HC85 


A > Bout 
A = Bout 
A < Bout 


* OUTPUTS 





MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Quad 2-Input Exclusive 
OR Gate 

High-Performance Silicon-Gate CMOS 

The MC54/74HC86 is identical in pinout to the LS86; this device is similar 
in function to the MM74C86 and L86, but has a different pinout. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 56 FETs or 14 Equivalent Gates 



LOGIC DIAGRAM 




PIN14 = Vcc 
PIN7 = GND 


Y= A©B 
= AB+ AB 


MC54/74HC86 



PIN ASSIGNMENT 

A1 [ 

1 • 

14 

] Vcc 

B1[ 

2 

13 

] B4 

Y1[ 

3 

12 

] A4 

A2 [ 

4 

11 

] Y4 

B2 [ 

5 

10 

] B3 

Y2[ 

6 

9 

] A3 

GND[ 

7 

8 

] Y3 


FUNCTION TABLE 


Inputs 

Output 

A 

B 

Y 

L 

L 

L 

L 

H 

H 

H 

L 

H 

H 

H 

L 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vcc + 1 *5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

■out 

DC Output Current, per Pin 

±25 

mA 

■cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

pd 

Power Dissipation in Still Air, Plastic or Ceramic DIPT 

750 

mW 


SOIC Packaget 

500 


Tstg 

Storage Temperature 

- 65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 1 0 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP; - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 1 25°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tptf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vj^ and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcq). 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

llouti ^ 20 [lA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out^ — 20 |iA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|HorViL 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

llouti ^ 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l llouti ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llouti ^ 6.2 mA 

6.0 

5.48 

5.34 

5.20 


VoL 

Maximum Low-Level Output 

Vin = ViHorV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

llouti ^ 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l llouti ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llouti ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

2 

20 

40 

pA 


Current (per Package) 

•out = 0 pA 







NOTE; Information on typical parametric values can be found in Chapter 2. 
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MC54/74HC86 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input t, = tf = 6 ns) 


Symbol 

Parameter 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Input A or B to Output Y 

2.0 

120 

150 

180 

ns 

tPHL 

(Figures 1 and 2) 

4.5 

24 

30 

36 




6.0 

20 

26 

31 


tTLH- 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 2) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


^in 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Gate)* 

33 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VpQ^f + |qq Vqq. For load considerations, see Chapter 2. 




TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

•T 


4 : 


* Includes all probe and jig capacitance 


Figure 1. Switching Waveforms 


Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 
(1/4 of Device) 
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Product Preview 

Quad 2-Input Exclusive 
OR Gate 

High-Performance Silicon-Gate CMOS 

The MC54/74HC86A is identical in pinout to the LS86; this device is 
similar in function to the MM74C86 and L86, but has a different pinout. The 
device inputs are compatible with standard CMOS outputs; with pullup 
resistors, they are compatible with LSTTL outputs. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 56 FETs or 14 Equivalent Gates 


LOGIC DIAGRAM 



PIN14 = Vcc 
PIN7 = GND 


Y= A©B 
= AB+ AB 


MC54/74HC86A 




J SUFFIX 

CERAMIC PACKAGE 
CASE 632-08 


N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 


D SUFFIX 

SOIC PACKAGE 
CASE 751 A-03 


DT SUFFIX 

TSSOP PACKAGE 
CASE 948G-01 


ORDERING INFORMATION 

MC54HCXXAJ Ceramic 

MC74HCXXAN Plastic 

MC74HCXXAD SOIC 
MC74HCXXADT TSSOP 



PIN ASSIGNMENT 

A1[ 

1 • 

14 

] Vcc 

B1[ 

2 

13 

] B4 

Y1 [ 

3 

12 

] A4 

A2 [ 

4 

11 

] Y4 

B2 [ 

5 

10 

] B3 

Y2[ 

6 

9 

] A3 

GND [ 

7 

8 

] Y3 


FUNCTION TABLE 


Inputs 

Output 

A 

B 

Y 

L 

L 

L 

L 

H 

H 

H 

L 

H 

H 

H 

L 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 


10/95 


© Motorola, Inc. 1995 


3-109 


REVO 


MOTOROLA 





MC54/74HC86A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

-0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 0.5 to Vcc 0-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 

V 

'in 

DC Input Current, per Pin 

±20 

mA 

'out 

DC Output Current, per Pin 

±25 

mA 

'cc 

DC Supply Current, Vcc P'f^s 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DIPt 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC or TSSOP Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Condition’s. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp, and 
Vout should be constrained to the 
range GND < (Vjp or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

O 

o> 

> 

Guaranteed Limit 

Unit 

- 55 to 
25°C 

< 85°C 

< 125°C 

VlH 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

llout' ^ 20 pA 

3.0 

2.1 

2.1 

2.1 





4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

"out' — 20 pA 

3.0 

0.9 

0.9 

0.9 





4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


VOH 

Minimum High-Level Output 

Vin = V|HorV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

"out' — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l llout' ^ 2.4 mA 

3.0 

2.48 

2.34 

2.20 




llout' ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llout' ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 



MOTOROLA 


3-110 


High-Speed CMOS Logic Data 
DL129 — Rev6 






MC54/74HC86A 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85° C 

< 125°C 

Unit 

VOL 

Maximum Low-Level Output 

Vin = ViH orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

"out' — 20 jiA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = ViH or Vil "out' ^ 2.4 mA 

3.0 

0.26 

0.33 

0.40 




"out' — ^'0 mA 

4.5 

0.26 

0.33 

0.40 




"out' — ^'2 mA 

6.0 

0.26 

0.33 

0.40 


'in 

Maximum Input Leakage Current 

Vin = VcC or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

1.0 

10 

40 

pA 


Current (per Package) 

'out = 0 |iA 







NOTE: Information on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input t, = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85° C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Input A or B to Output Y 

2.0 

100 

125 

150 

ns 

tPHL 

(Figures 1 and 2) 

3.0 

80 

90 

110 




4.5 

20 

25 

31 




6.0 

17 

21 

26 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tjHL 

(Figures 1 and 2) 

3.0 

30 

40 

55 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 





Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Gate)* 

33 


* Used to determine the no-load dynamic power consumption: Pq = Cpo VQQ^f + Iqq Vqq. For load considerations, see Chapter 2. 
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* Includes all probe and jig capacitance 

Figure 1 . Switching Waveforms Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 
(1/4 of Device) 
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Dual J-K Flip-Flop with Reset 

High-Performance Silicon-Gate CMOS 

The MC74HC1 07 is identical in pinout to the LS1 07. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

Each flip flops negative edge clocked and has an active-low asynchro- 
nous reset. 

The HC107 is identical in function to the HC73, but has a different pinout. 

• Output Drive Capability; 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 92 FETs or 23 Equivalent Gates 


MC74HC107 



N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 



D SUFFIX 

SOIC PACKAGE 
CASE 751 A-03 


ORDERING INFORMATION 

MC74HCXXXN Plastic 
MC74HCXXXD SOIC 


LOGIC DIAGRAM 


J1 

CLOCK 1 
K1 

RESET 1 
J2 

CLOCK 2 
K2 

RESET 2 


1 


3 



4 


2 




CO 

s 

5 



L. 

11 


CO 




01 

QT 


02 


PIN14 = Vcc 
PIN7 = GND 


PIN ASSIGNMENT 

J1 [ 

1 • 

14 

^ vcc 

QT[ 

2 

13 

] RESET 1 

Q1[ 

3 

12 

] CLOCK 1 

K1 [ 

4 

11 

] K2 

02 [ 

5 

10 

] RESET 2 

02 C 

6 

9 

] CLOCK 2 

GND [ 

7 

8 

] J2 



FUNCTION TABLE 


Inputs 

Outputs 

Reset 

Clock 

J 

K 

Q Q 

L 

X 

X 

X 

L H 

H 

“V. 

L 

L 

No Change 

H 


L 

H 

L H 

H 


H 

L 

H L 

H 

■V 

H 

H 

Toggle 

H 

L 

X 

X 

No Change 

H 

H 

X 

X 

No Change 

H 

J~ 

X 

X 

No Change 


10/95 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vcc + 1-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

hn 

DC Input Current, per Pin 

±20 

mA 

'out 

DC Output Current, per Pin 

±25 

mA 

'cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 1 0 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOIC Package; - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vin and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc). 
Unused outputs must be left open. 


3 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = O "' V or Vqq - 0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

I lout' ^ 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

I lout' ^ 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|H orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

"out' — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l "out' ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




"out' ^ 5 . 2 , mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

"out' — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l "out' ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




"out' ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


'in 

Maximum Input Leakage Current 

Vin = Vqq or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

'cc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 

4 

40 

80 

pA 


Current (per Package) 

'out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vjn. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85° C 

< 125°C 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 


(Figures 1 and 4) 

4.5 

30 

24 

20 




6.0 

35 

28 

24 


tPLH. 

Maximum Propagation Delay, Clock to Q or Q 

2.0 

125 

155 

190 

ns 

tPHL 

(Figures 1 and 4) 

4.5 

25 

31 

38 




6.0 

21 

26 

32 


tPLH. 

Maximum Propagation Delay, Reset to Q or Q 

2.0 

155 

195 

235 

ns 

tPHL 

(Figures 2 and 4) 

4.5 

31 

39 

47 




6.0 

26 

33 

40 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 4) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


^\n 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Flip-Flop)* 

35 


* Used to determine the no-load dynamic power consumption: Pq = Cpp VQc^f + IcC ^CC- Fof load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Input V = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

^su 

Minimum Setup Time, J or K to Clock 

2.0 

100 

125 

150 

ns 


(Figure 3) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


th 

Minimum Hold Time, Clock to J or K 

2.0 

3 

3 

3 

ns 


(Figure 3) 

4.5 

3 

3 

3 




6.0 

3 

3 

3 


Vec 

Minimum Recovery Time, Reset Inactive to Clock 

2.0 

100 

125 

150 

ns 


(Figure 2) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


tw 

Minimum Pulse Width, Clock 

2.0 

80 

100 

120 

ns 


(Figure 1) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tw 

Minimum Pulse Width, Reset 

2.0 

80 

100 

120 

ns 


(Figure 2) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tf. tf 

Maximum input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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SWITCHING WAVEFORMS 




JORK 



vcc 

GND 


CLOCK 




50 % 


Figure 3. 


Vcc 

GND 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

"T 


-± 


* Includes all probe and jig capacitance 

Figure 4. Test Circuit 


EXPANDED LOGIC DIAGRAM 








MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Dual J-K Flip-Flop with 
Set and Reset 

High-Performance Silicon-Gate CMOS 

The MC74HC1 09 is identical in pinout to the LS1 09. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. _ 

This device consists of two J-K flip-flops with individual set, reset, and 
clock inputs. Changes at the inputs are reflecte^at the outputs with the next 
low-to-high transition of the clock. Both Q and Q outputs are available from 
each flip-flop. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 148 FETs or 37 Equivalent Gates 


LOGIC DIAGRAM 




PlN16 = Vcc 
PIN8 = GND 


MC74HC109 



N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 



D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 


ORDERING INFORMATION 

MC74HCXXXN Plastic 

MC74HCXXXD SOIC 


PIN ASSIGNMENT 

RESET 1 [ 

1 • 16 

] Vcc 

J1 [ 

2 15 

] RESET 2 

KT[ 

3 14 

] J2 

CLOCK 1 [ 

4 13 

] K2 

SET1 [ 

5 12 

] CLOCK 2 

Q1 [ 

6 11 

] SET2 


7 10 

] 02 

GND [ 

8 9 

] 02 



FUNCTION TABLE 


Inputs 

Outputs 

Set 

Reset 

Clock 

J 

K 

Q Q 

L 

H 

X 

X 

X 

H L 

H 

L 

X 

X 

X 

L H 

L 

L 

X 

X 

X 

H* H* 

H 

H 

J~ 

L 

L 

L H 

H 

H 

J~ 

H 

L 

Toggle 

H 

H 

J~ 

L 

H 

No Change 

H 

H 

J' 

H 

H 

H L 

H 

H 

L 

X 

X 

No Change 


* Both outputs will remain high as long as Set and 
Reset are low, but the output states are unpre- 
dictable if Set and Reset go high simultaneously. 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vcc + 1-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

'out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqc ^i^cI GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 




This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vin and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 



Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vn,jt = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

"out' — 20 |xA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

"out' — 20 jiA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


Vqh 

Minimum High-Level Output 

Vin = V|H or V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

"out' — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l Hout' ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llout' ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VoL 

Maximum Low-Level Output 

Vin = V|H or V|l 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

"out' — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|HorV|L Houtl^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llout' ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


'in 

Maximum Input Leakage Current 

Vjn = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

4 

40 

80 

pA 


Current (per Package) 

'out = 0 pA 



i 




NOTE: Information on typical parametric values can be found in Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tp = tf = 6 ns) 





Guaranteed Limit 




Vcc 

-55 to 




Symbol 

Parameter 

V 

25°C 

< 85°C 

< 125°C 

Unit 

fmax 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 


(Figures 1 and 4) 

4.5 

30 

24 

20 




6.0 

35 

28 

24 


tPLH. 

Maximum Propagation Delay, Clock to Q or Q 

2.0 

175 

220 

265 

ns 

tPHL 

(Figures 1 and 4) 

4.5 

35 

44 

53 




6.0 

30 

37 

45 


tPLH. 

Maximum Propagation Delay, Set or Reset to Q or Q 

2.0 

230 

290 

345 

ns 

tPHL 

(Figures 2 and 4) 

4.5 

46 

58 

69 




6.0 

39 

49 

59 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 4) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Flip-Flop)* 

40 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VQp^f + Iqq Vqc- For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Input V = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

^su 

Minimum Setup Time, J or K to Clock 

2.0 

100 

125 

150 

ns 


(Figure 3) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


th 

Minimum Hold Time, Clock to J or K 

2.0 

5 

5 

5 

ns 


(Figure 3) 

4.5 

5 

5 

5 




6.0 

5 

5 

5 


Vec 

Minimum Recovery Time, Set or Reset Inactive to Clock 

2.0 

5 

5 

5 

ns 


(Figure 2) 

4.5 

5 

5 

5 




6.0 

5 

5 

5 


tw 

Minimum Pulse Width, Set or Reset 

2.0 

80 

100 

120 

ns 


(Figure 2) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tw 

Minimum Pulse Width, Clock 

2.0 

80 

100 

120 

ns 


(Figure 1) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


V> tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HC109 


SWITCHING WAVEFORMS 



Figure 2. 




Figure 3. * Includes all probe and jig capacitance 

Figure 4. Test Circuit 


EXPANDED LOGIC DIAGRAM 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Dual J-K Flip-Flop with 
Set and Reset 

High-Performance Silicon-Gate CMOS 

The MC74HC112 is identical in pinout to the LS112. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

Each flip-flop is negative-edge clocked and has active-low asynchro- 
nous Set and Reset inputs. 

The HC112 is identical in function to the HC76, but has a different pinout. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current; 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Similar in Function to the LS112 Except When Set and Reset are Low 
Simultaneously 

• Chip Complexity; 100 FETs or 25 Equivalent Gates 


MC74HC112 


«f0ff 

1 

N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 

1 

D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 

1 

DT SUFFIX 

TSSOP PACKAGE 
CASE 948F-01 

ORDERING INFORMATION 

MC74HCXXXN Plastic 

MC74HCXXXD SOIC 

MC74HCXXXDT TSSOP 


LOGIC DIAGRAM 




PIN16 = Vcc 
PlN8 = GND 


PIN ASSIGNMENT 

CLOCK 1 [ 

1 • 16 

] Vcc 

K1 [ 

2 15 

] RESET 1 

J1 [ 

3 14 

] RESET 2 

SET1 [ 

4 13 

] CLOCK 2 

Q1 [ 

5 12 

] K2 


6 11 

] J2 


7 10 

] SET 2 

GND [ 

8 9 

] 02 



FUNCTION TABLE 


Inputs 

Outputs 

Set 

Reset 

Clock 

J 

K 

io 

o 

L 

H 

X 

X 

X 

H L 

H 

L 

X 

X 

X 

L H 

L 

L 

X 

X 

X 

L* L* 

H 

H 


L 

L 

No Change 

H 

H 

■V. 

L 

H 

L H 

H 

H 

■V 

H 

L 

H L 

H 

H 

A. 

H 

H 

Toggle 

H 

H 

L 

X 

X 

No Change 

H 

H 

H 

X 

X 

No Change 

H 

H 


X 

X 

No Change 


Both outputs will remain low as long as Set and 
Reset are low, but the output states are unpre- 
dictable if Set and Reset go high simultaneously. 
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MC74HC112 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

-0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vcc + ■• -5 

V 

Vout 

DC Output Voltage (Referenced to GND) 



hn 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 


•cc 

DC Supply Current, Vqc and GND Pins 

±50 

IQQI 

Pd 

Power Dissipation in Still Air Plastic DIPT 

750 



SOIC Packaget 

500 

nn 


TSSOP Packaget 

450 

■ 

Tstg 

Storage Temperature 

-65 to + 150 

°c 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°c 


(Plastic DIP, SOIC or TSSOP) 

260 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vin and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc). 
Unused outputs must be left open. 


3 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out^ — 20 |iA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out! — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|H or V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




V|n = V|HorV|L lloufl ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llouti ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H or V|l 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ ^ 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




V|n = ViH or V|l llout' ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llout^ ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

4 

40 

80 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 


0 



Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°C 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 
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MC74HC112 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF. Input V = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 


(Figures 1 and 4) 

4.5 

30 

24 

20 




6.0 

35 

28 

24 


tPLH. 

Maximum Propagation Delay, Clock to Q or Q 

2.0 

125 

155 

190 

ns 

tPHL 

(Figures 1 and 4) 

4.5 

25 

31 

38 




6.0 

21 

26 

32 


tPLH. 

Maximum Propagation Delay, Reset to Q or Q 

2.0 

155 

195 

235 

ns 

tPHL 

(Figures 2 and 4) 

4.5 

31 

39 

47 




6.0 

26 

33 

40 


tPLH. 

Maximum Propagation Delay, Set to Q or Q 

2.0 

165 

205 

250 

ns 

tPHL 

(Figures 2 and 4) 

4.5 

33 

41 

50 




6.0 

28 

35 

43 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 4) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Flip-Flop)* 

35 


* Used to determine the no-load dynamic power consumption: Pq = Cpo Vcc^^ + ^CC VcC- load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Input tr = tf = 6 ns) 


Symbol 

Parameter 

O 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tsu 

Minimum Setup Time, J or K to Clock 

20 

100 

125 

150 

ns 


(Figure 3) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


th 

Minimum Hold Time, Clock to J or K 

2.0 

3 

3 

3 

ns 


(Figure 3) 

4.5 

3 

3 

3 




6.0 

3 

3 

3 


Vec 

Minimum Recovery Time, Set or Reset Inactive to Clock 

2.0 

100 

125 

150 

ns 


(Figure 2) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


W 

Minimum Pulse Width, Clock 

2.0 

80 

100 

120 

ns 


(Figure 1) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tw 

Minimum Pulse Width, Set or Reset 

2.0 

80 

100 

120 

ns 


(Figure 2) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tr.tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HC112 


SWITCHING WAVEFORMS 




JORK 


■ VALID - 




CLOCK 


}C 


vcc 

GNO 




50 % 


Vcc 

GND 


Figure 3. 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 



■± 


* Includes all probe and jig capacitance 

Figure 4. Test Circuit 


EXPANDED LOGIC DIAGRAM 




MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Quad 3-State 
Noninverting Buffers 

High-Performance Silicon-Gate CMOS 

The MC74HC1 25A and 1\/1C74HC1 26A are identical in pinout to the LS1 25 
and LS126. The device inputs are compatible with standard CMOS outputs; 
with pullup resistors, they are compatible with LSTTL outputs. 

The HC125A and HC126A noninverting buffers are designed to be used 
with 3-state memory address drivers, clock drivers, and other bus-oriented 
systems. The devices have four separate output enables that are active-low 
(HC125A) or active-high (HC126A). 

• Output Drive Capability: 15 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2.0 to 6.0 V 

• Low Input Current: 1 .0 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 72 FETs or 1 8 Equivalent Gates 


LOGIC DIAGRAM 


HC125A HC126A 

Active-Low Output Enables Active-High Output Enables 



MC74HC125A 

MC74HC126A 



N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 



D SUFFIX 

SOIC PACKAGE 
CASE 751A-03 


ORDERING INFORMATION 

MC74HCXXXAN Plastic 
MC74HCXXXAD SOIC 


PIN ASSIGNMENT 

0E1 [ 

1 • 

14 

] Vcc 

A1 [ 

2 

13 

] OE4 

Y1 [ 

3 

12 

] A4 

0E2 [ 

4 

11 

] Y4 

A2 [ 

5 

10 

] OE3 

Y2 [ 

6 

9 

] A3 

GND [ 

7 

8 

] Y3 



FUNCTION TABLE 


HC126A 1 

Inputs 

Output 

> 

O 

m 

Y 

H H 

H 

L H 

L 

X L 

Z 


HC125A 1 

Inputs 

Output 

A OE 

Y 

H L 

H 

L L 

L 

X H 

Z 


X = don’t care 
Z = high impedance 


PIN14 = Vcc 
PIN7 = GND 
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MC74HC125A MC74HC126A 



MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5toVcc + LS 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±35 

mA 

•cc 

DC Supply Current, Vqc and GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air Plastic DIPt 

SOIC Packaget 

750 

500 

mW 

fstg 

Storage Temperature 

-65 to ±150 

°C 

tl 

Lead Temperature, 1 mm from Case for 1 0 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage 
(Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

± 125 

°c 

tptf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnOrVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25° C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

o< 

c 

II 

O 

o 

1 

p 

< 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out^ — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

••out^ — 20 pA 

4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


VOH 

Minimum High-Level Output 

X 

> 

II 

c 

> 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H ••out' ^ 6.0 mA 

4.5 

3.98 

3.84 

3.7 




•'out' — T.8 mA 

6.0 

5.48 

5.34 

5.2 


VOL 

Maximum Low-Level Output 

_j 

> 

II 

c 

> 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out' — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin“V|[_ 'lout' — 6.0 mA 

4.5 

0.26 

0.33 

0.4 




•lout' — T.8 mA 

6.0 

0.26 

0.33 

0.4 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•oz 

Maximum Three-State Leakage 

Output in High-Impedance State 

6.0 

±0.5 

±5.0 

±10 

pA 


Current 

Vin = V|Lor V|h 

Vout = Vcc or GND 






•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

4.0 

40 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HC125A MC74HC126A 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6.0 ns) 





Guaranteed Limit 




Vcc 

- 55 to 




Symbol 

Parameter 

V 

25°C 

< 85°C 

< 125°C 

Unit 

tPLH. 

Maximum Propagation Delay, Input A to Output Y 

2.0 

90 

115 

135 

ns 

IPHL 

(Figures 1 and 3) 

4.5 

18 

23 

27 




6.0 

15 

20 

23 


tPLZ. 

Maximum Propagation Delay, Output Enable to Y 

2.0 

120 

150 

180 

ns 

tPHZ 

(Figures 2 and 4) 

4.5 

24 

30 

36 




6.0 

20 

26 

31 


tpZL. 

Maximum Propagation Delay, Output Enable to Y 

2.0 

90 

115 

135 

ns 

tpZH 

(Figures 2 and 4) 

4.5 

18 

23 

27 




6.0 

15 

20 

23 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

60 

75 

90 

ns 

tjHL 

(Figures 1 and 3) 

4.5 

12 

15 

18 




6.0 

10 

13 

15 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 

C^out 

Maximum Three-State Output Capacitance 
(Output in High-Impedance State) 

— 

15 

15 

15 

pF 


NOTE; For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vqc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Buffer)* 

45 


* Used to determine the no-load dynamic power consumption: Pq = Cpp Vcc^f + Icc ^CC- 'o^^l considerations, see Chapter 2. 


SWITCHING WAVEFORMS 



INPUT A 

OUTPUT Y 


tPLH 




90 % 

50 % 

10 % 


90%!^ 
50 % y\ 
10 % 


-tPHL 


• vcc 

' GND 




10% Y \ 

tTLH— I- 


-tTHL 


Figure 1. 



Vcc 

GND 

Vcc 

GND 

HIGH 

IMPEDANCE 

VOL 

VOH 

HIGH 

IMPEDANCE 


TEST POINT 


TEST POINT 



C 

OUTPUT 



C 

OUTPUT ^ 

? 

\ ka 

DEVICE 

UNDER 

TEST 

- 

zee 

UNDER 

TEST 

. = 

I Cl* 


"Z 

T 


“ 

r 


CONNECT TO Vcc WHEN 
TESTING tpLZ AND tpzL 
CONNECT TO GND WHEN 
TESTING tpHZ snd tpzH. 


* Includes all probe and jig capacitance 


* Includes all probe and jig capacitance 


Figure 3. Test Circuit 


Figure 4. Test Circuit 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Quad 2-Input NAND Gate with 
Schmitt-Trigger Inputs 

High-Performance Silicon-Gate CMOS 

The MC54/74HC132A is identical in pinout to the LS132. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

The HC132A can be used to enhance noise immunity or to square up 
slowly changing waveforms. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2.0 to 6.0 V 

• Low Input Current: 1 .0 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 72 FETs or 1 8 Equivalent Gates 


LOGIC DIAGRAM 



MC54/74HC132A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 632-08 



N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 



D SUFFIX 

SOIC PACKAGE 
CASE 751 A-03 


ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 
MC74HCXXXAN Plastic 
MC74HCXXXAD SOIC 


PIN ASSIGNMENT 

A1 [ 

1 • 

14 

] Vcc 

B1 [ 

2 

13 

] B4 

Y1 [ 

3 

12 

] A4 

A2 [ 

4 

11 

] Y4 

B2[ 

5 

10 

] B3 

Y2 [ 

6 

9 

] A3 

GND [ 

7 

8 

] Y3 



FUNCTION TABLE 


Inputs 1 

Output 

Y 

A 

B 

L 

L 

H 

L 

H 

H 

H 

L 

H 

H 

H 

L 
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MC54/74HC132A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

-0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

pd 

Power Dissipation in Still Air, Plastic or Ceramic DIPt 

750 

mW 


SOIC Packaget 

500 


"•"stg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP; - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package; - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage 
(Referenced to GND) 

0 

Vcc 

V 

ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time (Figure 1) 

— 

no 

limit* 

ns 


* When Vjn ~ 0.5 Vqq, Iqq » quiescent current. 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ ^cc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

Vcc 

V 

Guaranteed Limit 

Unit 

25°C 

-40°Cto 
+ 85°C 

- 55°C to 
+ 125°C 

V 7 + max 

Maximum Positive-Going 

Vout = 0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Input Threshold Voltage 

••out! — 20 pA 

4.5 

3.15 

3.15 

3.15 



(Figure 3) 


6.0 

4.2 

4.2 

4.2 


V 7 + min 

Minimum Positive-Going 

Vout = 0.1 V 

2.0 

1.0 

0.95 

0.95 

V 


Input Threshold Voltage 

••out! — 20 pA 

4.5 

2.3 

2.25 

2.25 



(Figure 3) 


6.0 

3.0 

2.95 

2.95 


V 7 _ max 

Maximum Negative-Going 

o< 

c 

II 

< 

0 

0 

I 

0 

< 

2.0 

0.9 

0.95 

0.95 

V 


Input Threshold Voltage 

••out^ — 20 pA 

4.5 

2.0 

2.05 

2.05 



(Figure 3) 


6.0 

2.6 

2.65 

2.65 


V 7 _ min 

Minimum Negative-Going 

Vout = Vcc -0.1V 

2.0 

0.3 

0.3 

0.3 

V 


Input Threshold Voltage 

••out! — 20 pA 

4.5 

0.9 

0.9 

0.9 



(Figure 3) 


6.0 

1.2 

1.2 

1.2 


V|-|max 

Maximum Hysteresis Voltage 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.2 

1.2 

1.2 

V 

Note 2 

(Figure 3) 

••out! — 20 pA 

4.5 

2.25 

2.25 

2.25 





6.0 

3.0 

3.0 

3.0 


V|-|min 

Minimum Hysteresis Voltage 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.2 

0.2 

0.2 

V 

Note 2 

(Figure 3) 

••out' — 20 pA 

4.5 

0.4 

0.4 

0.4 





6.0 

0.5 

0.5 

0.5 



NOTE: 1 . Vnmin > (Vj+ min) - (Vj_ max); Vnmax = (Vt+ max) + (Vj_ min). 
NOTE: Information on typical parametric values can be found in Chapter 2. 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

- 55 to 




Symbol 

Parameter 

Test Conditions 

v 

25°C 

< 85°C 

< 125°C 

Unit 

VOH 

Minimum High-Level Output 

Vjn < V-r_ min or V7+ max 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

llout^ — |iA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vjn^-Vj- min or V7+ max 








••out^ — mA 

4.5 

3.98 

3.84 

3.7 




••out^ — mA 

6.0 

5.48 

5.34 

5.2 


VOL 

Maximum Low-Level Output 

Vjn >V7+ max 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vjn>V7+ max I lout! ^ 4.0 mA 

4.5 

0.26 

0.33 

0.4 




llout^ — 5.2 mA 

6.0 

0.26 

0.33 

0.4 


•in 

Maximum Input Leakage Current 

Vin = VcC or GND 

6.0 

±0.1 

±1.0 

±1.0 

mA 

•cc 

Maximum Quiescent Supply 

Vin = Vqc or GND 

6.0 

1.0 

10 

40 

pA 


Current (per Package) 

•out = 0 pA 







AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6.0 ns) 


Symbol 

Parameter 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Input A or B to Output Y 

2.0 

125 

155 

190 

ns 

tPHL 

(Figures 1 and 2) 

4.5 

25 

31 

38 




6.0 

21 

26 

32 


tJLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tjHL 

(Figures 1 and 2) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Gin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vqc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Gate)* 

24 


* Used to determine the no-load dynamic power consumption: Pq = CpD VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 




TEST POINT 



0 


OUTPUT 

DEVICE 


UNDER 


TEST 

~T 


4: 


Cl* 


* Includes all probe and jig capacitance 


Figure 1. Switching Waveforms 


Figure 2. Test Circuit 
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CO 



Vcc. POWER SUPPLY VOLTAGE (VOLTS) 

VHtyp = (VT + typ)-(VT-typ) 

Figure 3. Typical Input Threshold, Vt+, Vj- 
Versus Power Supply Voltage 



Vout 



(a) A SCHMITT TRIGGER SQUARES UP INPUTS 
WITH SLOW RISE AND FALL TIMES 


(b) A SCHMITT TRIGGER OFFERS MAXIMUM NOISE 
IMMUNITY 




Figure 4. Typical Schmitt-Trigger Applications 
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SEMICONDUCTOR TECHNICAL DATA 


13-Input NAND Gate 

High-Performance Silicon-Gate CMOS 

The MC74HC1 33 is identical in pinout to the LS1 33. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

This NAND gate features 13 inputs which surpasses most random logic 
requirements. 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 68 FETs or 17 Equivalent Gates 


LOGIC DIAGRAM 



PlN16 = Vcc 

PIN8 = GND 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to +7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

lout 

DC Output Current, per Pin 

±25 

mA 

icc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

pd 

Power Dissipation in Still Air Plastic DIPt 

SOIC Packaget 

750 

500 

mW 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOiC Package: - 7 mW/°C from 65° to 1 25°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin- Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

V.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric . 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operatioh, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out! — 20 |iA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••outi — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|Hor V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out! — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l Houtl ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llouti ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out* — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|HOi'V|L llouti s 4,0 mA 

4.5 

0.26 

0.33 

0.40 




llout^ — 0-2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 

2 

20 

40 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 





Guaranteed Limit 




Vcc 

-55 to 




Symbol 

Parameter 

V 

25°C 

< 85°C 

< 125°C 

Unit 

tPLH. 

Maximum Propagation Delay, Any Input to Output Y 

2.0 

175 

220 

265 

ns 

tPHL 

(Figures 1 and 2) 

4.5 

35 

44 

53 




6.0 

30 

37 

45 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 2) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Package)* 

27 


* Used to determine the no-load dynamic power consumption: Pq = CpQ VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 



TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


4 : 



* Includes all probe and jig capacitance 


Figure 1 . Switching Waveforms 


Figure 2. Test Circuit 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


1 -of-8 Decoder/Demultiplexer 
with Address Latch 

High-Performance Silicon-Gate CMOS 

The MC74HC1 37 is identical in pinout to the LS1 37. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

The HC137 decodes a three-bit Address to one-of-eight active-low 
outputs. The device has a transparent latch for storage of the Address. Two 
Chip Selects, one active-low and one active-high, are provided to facilitate 
the demultiplexing, cascading, and chip-selecting functions. 

The demultiplexing function is accomplished by using the Address inputs 
to select the desired device output, and then by using one of the Chip 
Selects as a data input while holding the other one active. 

The HC137 is the inverting version of the HC237. 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 152 FETs or 38 Equivalent Gates 

LOGIC DIAGRAM 


ADDRESS 

INPUTS 


TRANS- 

PARENT 

LATCH 


LATCH ENABLE - 


1-0F~8 

DECODER 


CHIP- 

SELECT 

INPUTS 


CS1- 


■YO 
• Y1 
-Y2 
•Y3 

- Y4 
’Y5 
-Y6 

- Y7 


CS2- 


PIN16 = Vcc 
PIN8 = GND 


ACTIVE- 

LOW 

OUTPUTS 


MC74HC137 



16 ^ 


N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 


D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 


ORDERING INFORMATION 

MC74HCXXXN Plastic 

MC74HCXXXD SOIC 


PIN ASSIGNMENT 

AO cT 



FUNCTION TABLE 


Inputs 

Outputs 1 

LE 

CS1 

CS2 

A2 

A1 

AO 

YO 

Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

X 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

X 

L 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

H 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

H 

L 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

X 

~ 

X 

1 


* = Depends upon the Address previously applied while LE was 
at a low level. 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vcc + 1 -5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqc and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DIPT 

SOIC Packaget 

750 

500 

mW 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp, and 
Vout should be constrained to the 
range GND < (VjnOrVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr. tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 2) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

Vcc 

V 

Guaranteed Limit 

Unit 

- 55 to 

25°C 

< 85° C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out! — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|HorV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = ViH or V|L ••out^ ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llout^ ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|HorV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = VlH or V|l llout^ ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llout^ ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HC137 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6 ns) 





Guaranteed Limit 




Vcc 

-55 to 




Symbol 

Parameter 

V 

25°C 

< 85°C 

< 125°C 

Unit 

tPLH 

Maximum Propagation Delay, Input A to Output Y 

2.0 

170 

215 

255 

ns 


(Figures 1 and 6) 

4.5 

34 

43 

51 




6.0 

29 

37 

43 


tPHL 


2.0 

240 

300 

360 




4.5 

48 

60 

72 




6.0 

41 

51 

61 


tPLH 

Maximum Propagation Delay, CS1 or CS2 to Output Y 

2.0 

150 

190 

225 

ns 


(Figures 2, 3 and 6) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tPHL 


2.0 

195 

245 

295 




4.5 

39 

49 

59 




6.0 

33 

42 

50 


tpLH 

Maximum Propagation Delay, Latch Enable to Output Y 

2.0 

175 

220 

265 

ns 


(Figures 4 and 6) 

4.5 

35 

44 

53 




6.0 

30 

37 

45 


tPHL 


2.0 

250 

315 

375 




4.5 

50 

63 

75 




6.0 

43 

54 

64 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 2 and 6) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Qn 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found In Chapter 2. 





Typicai @ 25°C, Vcc = 5.0 V 

CPD 

Power Dissipation Capacitance (Per Package)* 

100 


* Used to determine the no-load dynamic power consumption: Pq = CpQ VQQ^f + Iqq Vqq. For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Input tr = tf = 6 ns) 


Symboi 

Parameter 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

^su 

Minimum Setup Time, Input A to Latch Enable 

2.0 

100 

125 

150 

ns 


(Figure 5) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


th 

Minimum Hold Time, Latch Enable to Input A 

2.0 

50 

65 

75 

ns 


(Figure 5) 

4.5 

10 

13 

15 




6.0 

9 

11 

13 


tw 

Minimum Pulse Width, Latch Enable 

2.0 

80 

100 

120 

ns 


(Figure 4) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tr.tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 2) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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PIN DESCRIPTIONS 


ADDRESS INPUTS 
AO, A1, A2 (Pins 1,2, 3) 

Address inputs. These inputs, when the chip is enabled, 
determine which of the eight outputs is selected. 

CONTROL INPUTS 
CS1,CS2 (Pins 6, 5) 

Chip-Select inputs. For CS1 at a high level and CS2 at a 
low level, the chip is enabled and the outputs follow the ad- 
dress inputs (Latch Enable = L). For any other combination of 
CS1 and CS2, the outputs are at a high level. 


Latch Enable (Pin 4) 

Latch-Enable input. A high level at this input latches the 
Address. A low level at this input allows the outputs to follow 
the data at the Address pins (CS1 = H and CS2 = L). 

OUTPUTS 

Y0-Y7 

Active-low outputs. One of these eight outputs is selected 
when the chip is enabled (CS1 = H and CS2 = L) and the 
data on the AO, A1 , and A2 inputs correspond to that par- 
ticular output. The selected output is at a low level while all 
others remain at a high level. 


SWITCHING WAVEFORMS 



CS1 


tPHL- 


■ 90% 
50% 
10 % 




Vcc 

GND 


OUTPUT Y 


90% V 

S-50% -I 

$ 


tTHL- 


-tPLH 


-tTLH 


LATCH 

ENABLE 

OUTPUT Y 



Figure 3. 


Figure 4. 



— VALID — ► 


INPUT A ) 

( 50% ) 

/ 

^SU “ 

H 

— 'h 


LATCH 

ENABLE 7 

^ 50% 


Vcc 

GND 

Vcc 

GND 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


4 : 


Figure 5. 


* Includes all probe and jig capacitance 

Figure 6. Test Circuit 
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SEMICONDUCTOR TECHNICAL DATA 


1 -of-8 Decoder/Demultiplexer 

High-Performance Silicon-Gate CMOS 

The MC54/74HC138A is identical in pinout to the LS138. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

The HC138A decodes a three-bit Address to one-of-eight active-low 
outputs. This device features three Chip Select inputs, two active-low and 
one active-high to facilitate the demultiplexing, cascading, and chip-select- 
ing functions. The demultiplexing function is accomplished by using the 
Address inputs to select the desired device output; one of the Chip Selects is 
used as a data input while the other Chip Selects are held In their active 
states. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 2.0 to 6.0 V 

• Low Input Current: 1 .0 |liA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 100 FETs or 29 Equivalent Gates 

LOGIC DIAGRAM 



ACTIVE-LOW 

OUTPUTS 


FUNCTION TABLE 


Inputs 

Outputs 1 

CS1 

CS2 

CS3 

A2 

A1 

AO 

YO 

Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

X 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

X 

H 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

L 

X 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

T" 

L 

L 

H 

H 

H 

H 

TT 

H 

H 

H 

L 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

L 

L 

H 

L 

L 

H 

H 

H 

H 

L 

TT 

H 

H 

H 

■ L 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 


H = high level (steady state); L = low level (steady state); 
X = don’t care 


MC54/74HC138A 




J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 


N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 


D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 


DT SUFFIX 

TSSOP PACKAGE 
CASE 948F-01 


ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 
MC74HCXXXAN Plastic 

MC74HCXXXAD SOIC 

MC74HCXXXADT TSSOP 


16 ^ 

1 



PIN ASSIGNMENT 

AO 
A1 
A2 
CS2 
CS3 
CS1 
Y7 
GND 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-0.5 to Vqq + 0.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

, ±25 

mA 

•cc 

DC Supply Current, V^c and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC or TSSOP Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 .W/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guafd against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (VjnOrVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 2) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55°C to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out^ — 20 fxA 

3.0 

2.1 

2.1 

2.1 





4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

••out^ — 20 pA 

3.0 

0.9 

0.9 

0.9 





4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


VOH 

Minimum High-Level Output 

Vin = V|H orViL 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out! — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l llout' ^ 2.4 mA 

3.0 

2.48 

2.34 

2.20 




••out^ — ^’0 mA 

4.5 

3.98 

3.84 

3.70 




llouti ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55° C to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

VoL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

l^outl — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l llout' ^ 2.4 mA 

3.0 

0.26 

0.33 

0.40 




llouti ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llout^ — ^'2 mA 

6.0 

0.26 

0.33 

0.40 


lin 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

4 

40 

160 

pA 


Current (per Package) 

lout = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6.0 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55°C to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Input A to Output Y 

2.0 

135 

170 

205 

ns 

^PHL 

(Figures 1 and 4) 

3.0 

90 

125 

165 




4.5 

27 

34 

41 




6.0 

23 

29 

35 


tPLH. 

Maximum Propagation Delay, CS1 to Output Y 

2.0 

110 

140 

165 

ns 

tPHL 

(Figures 2 and 4) 

3.0 

85 

100 

125 




4.5 

22 

28 

33 




6.0 

19 

24 

28 


tPLH. 

Maximum Propagation Delay, CS2 or CS3 to Output Y 

2.0 

120 

150 

180 

ns 

tPHL 

(Figures 3 and 4) 

3.0 

90 

120 

150 




4.5 

24 

30 

36 




6.0 

20 

26 

31 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 2 and 4) 

3.0 

30 

40 

55 




4.5 

15 

19 

22 




6.0 

13 

16 

19 



Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 





Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Package)* 

55 


* Used to determine the no-load dynamic power consumption: Pq = Cpo + Jqq Vqq. For load considerations, see Chapter 2. 
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SWITCHING WAVEFORMS 


INPUT A 

tPLH- 

OUTPUTY 


VALID 


~) (50o/o ) ( 


VALID 


Vcc 

GND 


■tPHL 


\ 

Figure 1. 



Figure 2. 



Figure 3. 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

— r 


4 : 


* Includes all probe and jig capacitance 

Figure 4. Test Circuit 


PIN DESCRIPTIONS 


3J 

ADDRESS INPUTS 

AO, A1,A2 (Pins 1,2, 3) 

Address inputs. These inputs, when the chip is selected, 
determine which of the eight outputs is active-low. 

CONTROL INPUTS 

CS1,CS2, CS3 (Pins 6, 4, 5) 

Chip select inputs. For CS1 at a high level and CS2, CS3 
at a low level, the chip is selected and the outputs follow the 


Address inputs. For any other combination of CS1 , CS2, and 
CSS, the outputs are at a logic high. 

OUTPUTS 

YO - Y7 (Pins 15, 14, 13, 12, 11, 10, 9, 7) 

Active-low Decoded outputs. These outputs assume a low 
level when addressed and the chip is selected. These out- 
puts remain high when not addressed or the chip is not 
selected. 
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1 -of-8 Decoder/Demultiplexer 
with LSTTL Compatible Inputs 

High-Performance Silicon-Gate CMOS 

The MC74HCT138A is identical in pinout to the LS138. The HCT138A 
may be used as a level converter for interfacing TTL or NMOS outputs to 
High Speed CMOS inputs. 

The HCT138A decodes a three-bit Address to one-of-eight active-lot 
outputs. This device features three Chip Select inputs, two active-low and 
one active-high to facilitate the demultiplexing, cascading, and chip-select- 
ing functions. The demultiplexing function is accomplished by using the 
Address inputs to select the desired device output; one of the Chip Selects is 
used as a data input while the other Chip Selects are held In their active 
states. 

• Output Drive Capability: 1 0 LSTTL Loads 

• TTLyNMOS Compatible Input Levels 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 4.5 to 5.5 V 

• Low Input Current: 1 .0 pA 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 122 FETs or 30.5 Equivalent Gates 

LOGIC DIAGRAM 



MC74HCT138A 





PLASTIC PACKAGE 

1 

CASE 648-08 


D SUFFIX 

SOIC PACKAGE 

1 

CASE 751 B-05 


DT SUFFIX 

TSSOP PACKAGE 

1 

CASE 948F-01 

ORDERING INFORMATION 

MC74HCTXXXAN Plastic 

MC74HCTXXXAD SOIC 

MC74HCTXXXADT TSSOP 


PIN ASSIGNMENT 



FUNCTION TABLE 


Design Criteria 

Value 

Units 

Internal Gate Count* 

30.5 

ea. 

Internal Gate Propagation Delay 

1.5 

ns 

Internal Gate Power Dissipation 

5.0 

pW 

Speed Power Product 

.0075 

pj 


Inputs 

Outputs I 

CS1 

CS2 

CS3 

A2 

A1 

o 

< 

YO 

Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

X 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

X 

H 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

L 

X 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

L 

L 

H 

T" 

L 

H 

H 

H 

H 

L 

TT 

H 

H 

H 

L 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 


*Equivalent to a two-input NAND gate. 


H = high level (steady state) 
L = low level (steady state) 
X = don’t care 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 0.5 to Vqc + 0.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqc + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

'cc 

DC Supply Current, Vqc and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, TSSOP or SOIC Package) 

260 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


1 Symbol 

Parameter 

Min 

Max 

Unit 


DC Supply Voltage (Referenced to GND) 

4.5 

5.5 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tptf 

Input Rise and Fall Time (Figure 1) 

0 

500 

ns 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqc -0.1 V 

4.5 

2.0 

2.0 

2.0 

V 


Voltage 

"out' — 20 )iA 

5.5 

2.0 

2.0 

2.0 


V|L 

Maximum Low-Level Input 

Vout = 0.1VorVcc-0.1 V 

4.5 

0.8 

0.8 

0.8 

V 


Voltage 

"out' — 20 fiA 

5.5 

0.8 

0.8 

0.8 


VOH 

Minimum High-Level Output 

Vin = ViH orViL 


■■ 





Voltage 

"out' — 20 |iA 








Vin = V|H or V|l 
" out' — ^-0 pA 

4.5 



■ 


VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

4.5 

0.1 

0.1 

0.1 

V 


Voltage 

"out' — 20 pA 

5.5 

0.1 

0.1 

0.1 




Vin = ViH orV|L 
llout' ^ 4.0 mA 

4.5 

0.26 


0.4 


lin 

Maximum Input Leakage Current 

Vin = Vqc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

'cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

5.5 

4.0 

40 

160 

pA 


Current (per Package) 

'out = 0 pA 







>-55°C 

25°Cto125°C 

2.9 

2.4 


Alec 


Additional Quiescent Supply 
Current 


Vjn = 2.4 V, Any One Input 
Vjn = Vqc or GND, Other Inputs 
lout = 0 pA 


5.5 


mA 


NOTE: Information on typical parametric values can be found in Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V ± 10%, Cl = 50 pF, Input = tf = 6.0 ns) 




Guaranteed Limit 


Symbol 

Parameter 

-55 to 
25°C 

< 85°C 

< 125°C 

Unit 

tPLH. 

tPHL 

Maximum Propagation Delay, Input A to Output Y 
(Figures 1 and 4) 

30 

38 

45 

ns 

tPLH. 

tPHL 

Maximum Propagation Delay, CS1 to Output Y 
(Figures 2 and 4) 

27 

34 

41 

ns 

tPLH. 

tPHL 

Maximum Output Transition Time, CS2 or CS3 to Output Y 
(Figures 3 and 4) 

30 

38 

45 

ns 

II 

Maximum Output Transition Time, Any Output 
(Figures 2 and 4) 

15 

19 

22 

ns 

tr.tf 

Maximum Input Rise and Fall Time 

500 

500 

500 

ns 

^in 

Maximum Input Capacitance 

10 

10 

10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Enabled Output)* 

51 


* Used to determine the no-load dynamic power consumption: Pp = CpD Vqq^I + |qq Vcc- f^or load considerations, see Chapter 2. 
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MC74HCT138A 


SWITCHING WAVEFORMS 


3V 

INPUT CS1 

GND 

OUTPUT Y 


Figure 1. Figure 2. 



TEST CIRCUIT 

TEST POINT 


Cl* 


* Includes all probe and jig capacitance 

Figure 4. 
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SEMICONDUCTOR TECHNICAL DATA 


Dual 1 -of-4 Decoder/ 
Demultiplexer 

High-Performance Silicon-Gate CMOS 

The MC54/74HC139A is identical in pinout to the LS139. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

This device consists of two independent 1-of-4 decoders, each of which 
decodes a two-bit Address to one-of-four active-low outputs. Active-low 
Selects are provided to facilitate the demultiplexing and cascading functions. 
The demultiplexing function is accomplished by using the Address inputs to 
select the desired device output, and utilizing the Select as a data input. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 2.0 to 6.0 V 

• Low Input Current: 1 .0 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 1 00 FETs or 25 Equivalent Gates 



LOGIC DIAGRAM 



ACTIVE-LOW 

OUTPUTS 



YOb 

Ylb 

Y2b 

Y3b 


ACTIVE-LOW 

OUTPUTS 


MC54/74HC139A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 



N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 



D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 


ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 
MC74HCXXXAN Plastic 
MC74HCXXXAD SOIC 


PIN ASSIGNMENT 

SELECTg [ 

1 • 

16 

^Vcc 

A0a[ 

2 

15 

] SELECTb 

A1a[ 

3 

14 

] AOb 

Y0a[ 

4 

13 

] Alb 

Y1a[ 

5 

12 

] YOb 

Y2a[ 

6 

11 

] Ylb 

Y3a[ 

7 

10 

] Y2b 

GND [ 

8 

9 

] Y3b 


FUNCTION TABLE 


Inputs 

Outputs 1 

Select 

A1 

AO 

YO 

Y1 

Y2 

Y3 

H 

X 

X 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

L 

H 

L 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

L 


X = don’t care 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vcc + 1-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0*5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqc and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

I Unit I 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 


Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 



-t-125 

IQI 




n 

1000 






500 





■■ 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (Vm or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

HH 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out! — 20 (lA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

••out^ — 20 pA 

4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


VOH 

Minimum High-Level Output 

Vin = V|HorViL 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or VjL Hout^ ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llout^ ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VoL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l llout^ ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llout* ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

4 

40 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found In Chapter 2. 
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MC54/74HC139A 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6.0 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLHt 

Maximum Propagation Delay, Select to Output Y 

2.0 

115 

145 

175 

ns 

tPHL 

(Figures 1 and 3) 

4.5 

23 

29 

35 




6.0 

20 

25 

30 


tPLH> 

Maximum Propagation Delay, Input A to Output Y 

2.0 

115 

145 

175 

ns 

tPHL 

(Figures 2 and 3) 

4.5 

23 

29 

35 




6.0 

20 

25 

30 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 3) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


^in 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Decoder)* 

55 


* Used to determine the no-load dynamic power consumption: Pq = Cpp VQQ^f + Iqq Vq 0. For load considerations, see Chapter 2. 


SWITCHING WAVEFORMS 




INPUT A 
tPLH- 
OUTPUTY 


■ VALID- 


~) (” ) ( A 


■ VALID - 




-tPHL 




Vcc 

GND 


Figure 2. 


TEST POINT 



o 


OUTPUT II 

DEVICE 


UNDER 


TEST 

“T 


4: 


* Includes all probe and jig capacitance 

Figure 3. Test Circuit 


MOTOROLA 


3-152 


High-Speed CMOS Logic Data 
DL129 — Rev6 






MC54/74HC139A 


PIN DESCRIPTIONS 


ADDRESS INPUTS 

AOa, A1a, AOb, A1b (Pins 2, 3, 14, 13) 

Address inputs. These inputs, when the respective 1-of-4 
decoder is enabled, determine which of its four active-low 
outputs is selected. 

CONTROL INPUTS 

Selecta, Selectb (Pins 1, 15) 

Active-low select inputs. For a low level on this input, the 


outputs for that particular decoder follow the Address inputs. 
A high level on this input forces all outputs to a high level. 

OUTPUTS 

YOa - Y3a, YOb - Y3b (Pins 4 - 7, 12, 11, 10, 9) 

Active-low outputs. These outputs assume a low level 
when addressed and the appropriate Select input is active. 
These outputs remain high when not addressed or the ap- 
propriate Select input is inactive. 


EXPANDED LOGIC DIAGRAM 
(1/2 OF DEVICE) 



3 


High-Speed CMOS Logic Data 
DL129 — Rev6 


3-153 


MOTOROLA 



MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Decimal-to-BCD Encoder 

High-Performance Silicon-Gate CMOS 

The MC74HC1 47 is identical in pinout to the LS1 47. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

This device encodes nine active-low data inputs to four active-low BCD 
Address Outputs, ensuring that only the highest order active data line is 
encoded. The implied decimal zero condition is encoded when all nine data 
inputs are at a high level (inactive). 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 136 FETs or 34 Equivalent Gates 


LOGIC DIAGRAM 


MC74HC147 



1 


BCD 

ADDRESS 

OUTPUTS 

(ACTIVE-LOW) 


NO CONNECTION = PIN 15 



FUNCTION TABLE 


Inputs 

Outputs 

D9 

D8 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

A3 

A2 

A1 

AO 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

X 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

X 

X 

H 

H 

L 

L 

H 

H 

H 

H 

H 

L 

X 

X 

X 

H 

L 

H 

H 

H 

H 

H 

H 

L 

X 

X 

X 

X 

H 

L 

H 

L 

H 

H 

H 

L 

X 

X 

X 

X 

X 

H 

L 

L 

H 

H 

H 

L 

X 

X 

X 

X 

X 

X 

H 

L 

L 

L 

H 

L 

X 

X 

X 

X 

X 

X 

X 

L 

H 

H 

H 

L 

X 

X 

X 

X 

X 

X 

X 

X 

L 

H 

H 

L 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 1 0 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND ^ (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

V. ^f 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out! — 20 |xA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|H orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out! — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l Hout^ ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




••out^ — ^*2 nriA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

X 

> 

II 

c 

> 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or Vil Hout^ ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llout^ ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 


Symbol 

Parameter 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Input D to Output A 

2.0 

220 

275 

330 

ns 

tPHL 

(Figures 1 and 2) 

4.5 

44 

55 

66 




6.0 

37 

47 

56 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 2) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5-0 V 

CpD 

Power Dissipation Capacitance (Per Package)* 

35 


* Used to determine the no-load dynamic power consumption; Pp = Cpp VQQ2f + Iqq Vqq. For load considerations, see Chapter 2. 




Figure 1. Switching Waveforms 


TEST POINT 



cp 


OUTPUT 

DEVICE 


UNDER 


TEST 

T 


4: 


* Includes all probe and jig capacitance 

Figure 2. Test Circuit 
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8-lnput Data 
Selector/Multiplexer 

High-Performance Silicon-Gate CMOS 

The MC74HC151 is identical in pinout to the LS 151. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

This device selects one of the eight binary Data Inputs, as determined by 
the Address Inputs. The Strobe pin must be at a low level for the selected 
data to appear^at the outputs. If Strobe is high, the Y output is forced to a low 
level and the Y output is forced to a high level. 

The HC151 is similar in function to the HC251 which has 3-state outputs. 

• Output Drive Capability; 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity; 1 32 FETs or 33 Equivalent Gates 



LOGIC DIAGRAM 



I DATA 
f OUTPUTS 


MC74HC151 


N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 


D SUFFIX 

SOIC PACKAGE 
CASE 751B-05 


ORDERING INFORMATION 

MC74HCXXXN Plastic 

MC74HCXXXD SOIC 



PIN ASSIGNMENT 

D3[ 

1 • 

16 

^ vcc 

D2 [ 

2 

15 

] D4 

D1 [ 

3 

14 

] D5 

D0[ 

4 

13 

] D6 

Y[ 

5 

12 

] D7 

Y[ 

6 

11 

] AO 

STROBE [ 

7 

10 

] A1 

GND [ 

8 

9 

] A2 


FUNCTION TABLE 


Inputs 1 

Outputs 

A2 

A1 

AO 

Strobe 

Y 

Y 

X 

X 

X 

H 

L 

H 

L 

L 

L 

L 

DO 

DO 

L 

L 

H 

L 

D1 

D1 

L 

H 

L 

L 

D2 

D2 

L 

H 

H 

L 

D3 

D3 

H 

L 

L 

L 

D4 

D4 

H 

L 

H 

L 

D5 

D5 

H 

H 

L 

L 

D6 

D6 

H 

H 

H 

L 

D7 

D7 


DO, D1 D7 = the level of the respective 

D input. 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vcc + 1 -5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vcc GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW 

"•stg 

Storage Temperature 

- 65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°c 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
fDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: -7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g,, either GND or Vcc)- 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out! — 20 jiA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out! — 20 fxA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = ViH or V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out! — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H llouti ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llout^ ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out! — 20 jiA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l llouti ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llout^ ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Input D to Output Y or Y 

2.0 

185 

230 

280 

ns 

tPHL 

(Figures 1 , 3 and 6) 

4.5 

37 

46 

56 




6.0 

31 

39 

48 


tPLH. 

Maximum Propagation Delay, Input A to Output Y or Y 

2.0 

205 

255 

310 

ns 

tPHL 

(Figures 2 and 6) 

4.5 

41 

51 

62 




6.0 

35 

43 

53 


tPLH. 

Maximum Propagation Delay, Strobe to Output Y or Y 

2.0 

125 

155 

190 

ns 

tPHL 

(Figures 4, 5 and 6) 

4.5 

25 

31 

38 




6.0 

21 

26 

32 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 6) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5-0 V 

CpD 

Power Dissipation Capacitance (Per Package)* 

36 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 



PIN DESCRIPTIONS 


INPUTS 

DO, D1, ... , D7 (Pins 4, 3, 2, 1, 15, 14, 13, 12) 

Data inputs. Data on any one of these eight binary inputs 
may be selected to appear on the output. 


Strobe (Pin 7) 

Strobe. This input pin must be at a low level for the se- 
lected data to appear at the outputs. If the ^robe pin is high, 
the Y output is forced to a low level and the Y output is forced 
to a high level. 


CONTROL INPUTS 
AO, A1, A2 (Pins 11, 10, 9) 

Address inputs. The data on these pins are the binary ad- 
dress of the selected input (see the Function Table). 


OUTPUTS 
Y, Y (Pins 5, 6) 

Data outputs. The selected data is presented at these pins 
in both true (Y output) and complemented (Y output) forms. 
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SWITCHING WAVEFORMS 



Figure 1. Figure 2. 



Figure 3. 


Figure 4. 



TEST POINT 



* Includes all probe and jig capacitance 


Figure 5. 


Figure 6. Test Circuit 
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MC74HC151 


EXPANDED LOGIC DIAGRAM 




MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Dual 4-Input Data 
Selector/Multiplexer 

High-Performance Siiicon-Gate CMOS 

The MC74HC1 53 is identical in pinout to the LSI 53. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

The Address Inputs select one of four Data Inputs from each multiplexer. 
Each multiplexer has an active-low Strobe control and a noninverting 
output. 

The HC1 53 is similar in function to the HC253, which has 3-state outputs. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

o High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 108 FETs or 27 Equivalent Gates 


LOGIC DIAGRAM 


ADDRESS 

INPUTS 


AO 

A1 


J± 

2 


DATA- 

WORDa 

INPUTS 


DOa-^ — 
D1a-^ — 
D2a- — 

03a ^ 


STROBE a -1 


Ya 



STROBE b 


MC74HC153 



PIN ASSIGNMENT 


STROBE a 
A1 
D3a 
D2a 
Dia 
DOa 
Ya 
GND 


Vcc 

] STROBE b 
] AO 
] D3b 
] D2b 
] Dib 
] DOb 
3 Yb 


[ 1* 

16 

[ 2 

15 

[ 3 

14 

[ 4 

13 

[ 5 

12 

C 6 

11 

[ 7 

10 

[ 8 

9 



FUNCTION TABLE 


Inputs I 

Output 

A1 

AO 

Strobe 

Y 

X 

X 

H 

L 

L 

L 

L 

DO 

L 

H 

L 

D1 

H 

L 

L 

D2 

H 

H 

L 

D3 


DO, D1 , D2, and D3 = the level of the 
respective data input. 


PIN16 = Vcc 
PIN 8 = GND 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

-0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vcc + 1-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqc and GND Pins 

±50 

mA 

pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW 

"^stg 

Storage Temperature 

-65 to + 150 

°C 

tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr-tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 




This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND ^ (VjnOrVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc). 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vn,it = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

llout^ ^ 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

llouti ^ 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = ViH orViL 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ ^ 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l ••out* ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llout^ ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orViL 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l llout^ ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




••out^ — 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vjn = Vcc or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HC153 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85“C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Input D to Output Y 

2.0 

140 

175 

210 

ns 

tPHL 

(Figures 1 , and 4) 

4.5 

28 

35 

42 




6.0 

24 

30 

36 


tPLH. 

Maximum Propagation Delay, Input A to Output Y 

2.0 

175 

220 

265 

ns 

tPHL 

(Figures 2 and 4) 

4.5 

35 

44 

53 




6.0 

30 

37 

45 


tPLH. 

Maximum Propagation Delay, Strobe to Output Y 

2.0 

95 

120 

145 

ns 

tPHL 

(Figures 3, and 4) 

4.5 

19 

24 

29 




6.0 

16 

20 

25 


tTLH- 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 4) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Multiplexer)* 

31 


* Used to determine the no-load dynamic power consumption: Pq = CpQ Vqq^I + Iqq Vqq. For load considerations, see Chapter 2. 


SWITCHING WAVEFORMS 




VALID — 

VALID — ^ 


INPUT A ) 

^ 50 % ^ 

( ) 

t 

tpLH ► 


h- — tpHL 



Vcc 

GND 



Figure 1 . 


Figure 2. 



TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


-± 


* Includes all probe and jig capacitance 


Figure 3. 


Figure 4. Test Circuit 
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PIN DESCRIPTIONS 


DATA INPUTS 

DOa - D3a, DOb - D3b (Pins 3, 4, 5, 6, 10, 11, 12, 13) 

Data Inputs. With the outputs enabled, the addressed Data 
Inputs appear at the Y outputs. 

CONTROL INPUTS 

AO, A1 (Pins 2, 14) 

Address Inputs. These inputs address the pair of Data 
Inputs which appear at the corresponding outputs. 


Strobe (Pins 1, 15) 

Active-low Strobe. A low level applied to these pins en- 
ables the corresponding outputs. 

OUTPUTS 

Ya, Yb (Pins 7, 9) 

Noninverting data outputs. 


EXPANDED LOGIC DIAGRAM 



DATA 
WORD a 
INPUTS 


DATA 

WORDb 

INPUTS 



NONINVERTING 

DATA 

OUTPUTS 


ADDRESS 

INPUTS 
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1-of-16 Decoder/Demultiplexer 

High-Performance Silicon-Gate CMOS 

The MC54/74HC154 is identical in pinout to the LS154. The device inputs 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

This device, when enabled, selects one of 16 active-low outputs. Two 
active-low Chip Selects are provided to facilitate the chip-select, demulti- 
plexing, and cascading functions. When either Chip Select is high, all 
outputs are high. The demultiplexing function is accomplished by using the 
Address inputs to select the desired device output. Then, while holding one 
chip select input low, data can be applied to the other chip select input (see 
Application Note). 

The HC154 is primarily used for memory address decoding and data 
routing applications. 

• Output Drive Capability; 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range; 2 to 6 V 

• Low Input Current; 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity; 192 FETs or 48 Equivalent Gates 


LOGIC DIAGRAM 



MC54/74HC154 




DW SUFFIX 

SOIC PACKAGE 
CASE 751 E-04 


ORDERING INFORMATION 

MC54HCXXXJ Ceramic 

MC74HCXXXN Plastic 

MC74HCXXXDW SOIC 



PIN ASSIGNMENT 

YO [ 


24 

^ Vcc 

Y1 [ 

2 

23 

] AO 

Y2 [ 

3 

22 

] A1 

Y3 [ 

4 

21 

] A2 

Y4 [ 

5 

20 

] A3 

Y5[ 

6 

19 

] CS2 

Y6 [ 

7 

18 

] CS1 

Y7[ 

8 

17 

] Y15 

Y8 [ 

9 

16 

] Y14 

Y9 [ 

10 

15 

] Y13 

Y10 [ 

11 

14 

] Y12 

GND [ 

12 

13 

] Y11 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 


< 

o 

o 

DC Supply Voltage (Referenced to GND) 

- 0.5 to - 1 - 7.0 


Vin 

DC Input Voltage (Referenced to GND) 

- 1.5 to Vcc + ‘'•5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 


lin 

DC Input Current, per Pin 

±20 


'out 

DC Output Current, per Pin 

±25 

mQH 

'cc 

DC Supply Current, Vcc Pins 

±50 


Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

tSSM 


SOIC Packaget 

500 

m 

liE9l 

Storage Temperature 

-65 to + 150 

B 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP) 

260 



(Ceramic DIP or SOIC Package) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

EM 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 


tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 2) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (ViporVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc)* 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 



— 

Parameter 

Test Conditions 

<o 

o 


H 




V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

^3 

1.5 

HBEIH 

HBH 


Voltage 

"out' — 20 jiA 

4.5 


3.15 






6.0 

mm 

4.2 

MB 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 


0.3 

V 


Voltage 

"out' — 20 (xA 

4.5 

0.9 


0.9 





6.0 

1.2 


1.2 



Minimum High-Level Output 

Vin = ViHorViL 

2.0 


1.9 

1.9 

V 


Voltage 

"out' — 20 jiA 

4.5 


4.4 

4.4 





6.0 


5.9 

5.9 




Vin = V|H or V|L "out' ^ 4.0 mA 


3.98 






llout' ^ 5.2 mA 


5.48 





Maximum Low-Level Output 

Vin = ViH orV|L 


0.1 

0.1 

0.1 

V 


Voltage 

"out' — 20 pA 

IB 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 



1 

Vin = ViH or V|l 'lout' ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




"out' — 6.2 mA 

6.0 

0.26 

0.33 

0.40 


'in 

Maximum Input Leakage Current 

Vjn = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

'cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

8 

80 

160 

|xA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC54/74HC154 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF. Input tp = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Input A to Output Y 

2.0 

190 

240 

285 

ns 

tPHL 

(Figures 1 and 3) 

4.5 

38 

48 

57 




6.0 

32 

41 

48 


tPLH. 

Maximum Propagation Delay, CS to Output Y 

2.0 

175 

220 

265 

ns 

tPHL 

(Figures 2 and 3) 

4.5 

35 

44 

53 




6.0 

30 

37 

45 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

fTHL 

(Figures 2 and 3) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

— 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Package)* 

80 


* Used to determine the no-load dynamic power consumption: Pq = Cpo VQQ^f + |qq Vcc- For considerations, see Chapter 2. 


PIN DESCRIPTIONS 


INPUTS 

AO, A1, A2, A3 (Pins 23, 22, 21, 20) 

Address inputs. These inputs, when the 1-of-16 decoder 
is enabled, determine which of its sixteen active-low outputs 
is selected. 

OUTPUTS 

Y0-Y15(Pins1 -11, 13-17) 

Active-low outputs. These outputs assume a low level 


when addressed and both chip-select inputs are active. 
These outputs remain high when not addressed or a chip- 
select input is high. 

CONTROL INPUTS 



CS1,CS2 (Pins 18, 19) 

Active-low chip-select inputs. With low levels on both of 
these inputs, the outputs of the decoder follow the Address 
inputs. A high level on either input forces all outputs high. 


FUNCTION TABLE 


Inputs 

Outputs I 

CS1 

CS2 

A3 

A2 

A1 

AO 

YO 

Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

Y8 

Y9 

Y10 

Y11 

Y12 

Y13 

Y14 

Y15 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

L 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

L 

H 
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H 
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X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 


H = High Level, L = Low Level, X = Don’t Care 
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MC54/74HC154 


SWITCHING WAVEFORMS 



Figure 1. 


Figure 2. 


TEST POINT 



* Includes all probe and jig capacitance 


Figure 3. Test Circuit 



TYPICAL APPLICATIONS 


STROBE 



DATA INPUT 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Quad 2-Input Data 
Selectors/Multiplexers 

High-Performance Silicon-Gate CMOS 

The MC54/74HC157A is identical in pinout to the LS157. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

This device routes 2 nibbles (A or B) to a single port (Y) as determined by 
the Select input. The data is presented at the outputs in noninverted form. A 
high level on the Output Enable input sets all four Y outputs to a low level. 
The HC1 57A Is similar in function to the HC257 which has 3-state outputs. 

• Output Drive Capability; 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2.0 to 6.0 V 
® Low Input Current: 1 .0 pA 

® High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 82 FETs or 20.5 Equivalent Gates 


LOGIC DIAGRAM 




DATA 

OUTPUTS 


PIN16 = Vcc 
PIN8 = GND 


MC54/74HC157A 



.1 QIIFPIY 

1 

CERAMIC PACKAGE 
CASE 620-10 

1 

N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 

1 

D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 

16-^^ 

1 

DT SUFFIX 

TSSOP PACKAGE 
CASE 948F-01 

ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 

MC74HCXXXAN Plastic 

MC74HCXXXAD SOIC 

MC74HCXXXADT TSSOP 


PIN ASSIGNMENT 


SELECT [ 

1 • 

16 

A0[ 

2 

15 

BO [ 

3 

14 

YO [ 

4 

13 

A1[ 

5 

12 

B1[ 

6 

11 

Y1 E 

7 

10 

gndE 

8 

9 


Vcc 

OUTPUT 

ENABLE 

A3 

B3 

Y3 

A2 

B2 

Y2 


FUNCTION TABLE 


Inputs 1 

Outputs 

Y0-Y3 

Output 

Enable 

Select 

H 

X 

L 

L 

L 

A0-A3 

L 

H 

B0-B3 


X = don’t care 

AO - A3, BO - B3 = the levels 
of the respective Data-Word 
Inputs. 
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MC54/74HC157A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

-0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


^stg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC or TSSOP Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 1 25°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage 
(Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out! — 20 }j.A 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


VlL 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

••out! — 20 jiA 

4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 



Minimum High-Level Output 

Vin = V|H orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out! — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|HorV|L llout^ ^ 4.0 mA 

4.5 

3.98 

3.84 

3.7 




lloutl ^ 5.2 mA 

6.0 

5.48 

5.34 

5.2 


VOL 

Maximum Low-Level Output 

Vin = V|Hor V|l 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out! — 20 fxA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l Hout^ ^ 4.0 mA 

4.5 

0.26 

0.33 

0.4 




••out^ — 5.2 mA 

6.0 

0.26 

0.33 

0.4 



High-Speed CMOS Logic Data 
DL129 — Rev6 


3-173 


MOTOROLA 









MC54/74HC157A 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85° C 

< 125°C 

•in 

Maximum Input Leakage Current 

V|n = VcCorGND 

6.0 

±0.1 

+ 1.0 

+ 1.0 

pA 

•cc 

Maximum Quiescent Supply 
Current (per Package) 

Vin = VcCorGND 
lout = 0 pA 

6.0 

4.0 

40 

160 

pA 


NOTE: Information on typical parametric values can be found In Chapter 2. 



AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6.0 ns) 





Guaranteed Limit 




Vcc 

-55 to 




Symbol 

Parameter 

V 

25°C 

< 85°C 

125°C 

Unit 


Maximum Propagation Delay, Input A or B to Output Y 

2.0 

105 

130 

160 

ns 


(Figures 1 and 4) 

4.5 

21 

26 

32 


■IH 


6.0 

18 

22 

27 


jBsnjH 

Maximum Propagation Delay, Select to Output Y 

2.0 


140 

165 

ns 


(Figures 2 and 4) 

4.5 


28 

33 


mm 


6.0 


24 

28 


tPLH. 

Maximum Propagation Delay, Output Enable to Output Y 

2.0 





tPHL 

(Figures 3 and 4) 

4.5 







6.0 

mi 





Maximum Output Transition Time, Any Output 

2.0 

75 

95 




(Figures 1 and 4) 

4.5 

15 

19 


■1 



6.0 

13 

16 


■1 

Cin 

Maximum Input Capacitance 



10 



10 

10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and Information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Package)* 

33 


* Used to determine the no-load dynamic power consumption; Pq = Cpp VQQ^f + |qq Vqc- For load considerations, see Chapter 2. 


PIN DESCRIPTIONS 


INPUTS 

AO, A1, A2, A3 (Pins 2, 5, 11, 14) 

Nibble A inputs. The data present on these pins is trans- 
ferred to the outputs when the Select input is at a low level 
and the Output Enable input is at a low level. The data Is 
presented to the outputs in noninverted form. 

BO, B1, B2, B3 (Pins 3, 6, 10, 13) 

Nibble B inputs. The data present on these pins is trans- 
ferred to the outputs when the Select input is at a high level 
and the Output Enable input is at a low level. The data is 
presented to the outputs in noninverted form. 

OUTPUTS 

YO, Y1, Y2, Y3 (Pins 4, 7, 9, 12) 

Data outputs. The selected input Nibble is presented at 


these outputs when the Output Enable input is at a low level. 
The data present on these pins is in Its noninverted form. For 
the Output Enable Input at a high level, the outputs are at a 
low level. 

CONTROL INPUTS 
Select (Pin 1) 

Nibble select. This input determines the data word to be 
transferred to the outputs. A low level on this Input selects 
the A Inputs and a high level selects the B Inputs. 

Output Enable (Pin 15) 

Output Enable input. A low level on this input allows the 
selected input data to be presented at the outputs. A high 
level on this Input sets all outputs to a low level. 
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MC54/74HC157A 


SWITCHING WAVEFORMS 




Figure 2. Y versus Select, Noninverted 



Figure 3. HC157A 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


4 : 



* Includes all probe and jig capacitance 

Figure 4. Test Circuit 


EXPANDED LOGIC DIAGRAM 



YO 


Y1 


\ DATA 
/ OUTPUTS 


Y3 / 
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SEMICONDUCTOR TECHNICAL DATA 


Quad 2-Input Data 
Selector/Multiplexer with 
LSTTL Compatible Inputs 

High-Performance Silicon-Gate CMOS 

The MC74HCT157A is identical in pinout to the LS157. This device nnay 
be used as a level converter for interfacing TTL or NMOS outputs to High 
Speed CMOS inputs. 

This device routes 2 nibbles (A or B) to a single port (Y) as determined by 
the Select input. The data is presented at the outputs in noninverted form. A 
high level on the Output Enable input sets all four Y outputs to a low level. 

The HCT157A is similar in function to the HC257 which has 3-state 
outputs. 

• Output Drive Capability: 1 0 LSTTL Loads 

• TTL NMOS Compatible Input Levels 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 4.5 to 5.5 V 

• Low Input Current: 1 .0 pA 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 102 FETs or 25.5 Equivalent Gates 



LOGIC DIAGRAM 



Design Criteria 

Value 

Unit 

Internal Gate Count* 

25.5 

ea 

Internal Gate Propagation Delay 

1.5 

ns 

Internal Gate Power Dissipation 

0.005 

pW 

1 

Speed Power Product 

0.0075 

pj 


* Equivalent to a two input NAND gate. 


MC74HCT157A 


N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 


D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 

ORDERING INFORMATION 

MC74HCTXXXAN Plastic 
MC74HCTXXXAD SOIC 


PIN ASSIGNMENT 

SELECT [ 

A0[ 2 
B0[ 3 
Y0[ 4 
A1 [ 5 
81 C 6 
Y1 [ 7 
GNDC 8 


FUNCTION TABLE 


Inputs 

Outputs 

Y0-Y3 

Output 

Enable 

Select 

H 

X 

L 

L 

L 

A0-A3 

L 

H 

B0-B3 


X = don’t care 

AO - A3, BO - B3 = the levels 
of the respective Data-Word 
Inputs. 


^ Vcc 
] OUTPUT 
ENABLE 
] A3 

] B3 
] Y3 
] A2 
] B2 
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MC74HCT157A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5t0VQQ + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

tl 

Lead Temperature, 1 mm from Case for 1 0 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

4.5 

5.5 

V 

Vjn- Vout 

DC Input Voltage, Output Voltage 
(Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time (Figure 1) 

0 

500 

ns 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

4.5 

2.0 

2.0 

2.0 

V 


Voltage 

••out^ — 20 jiA 

5.5 

2.0 

2.0 

2.0 


V|L 

Maximum Low-Level Input 

Vout 0.1 V or Vqq -0.1 V 

4.5 

0.8 

0.8 

0.8 

V 


Voltage 

••out^ — 20 mA 

5.5 

0.8 

0.8 

0.8 


VOH 

Minimum High-Level Output 

Vin = V|HorV|L 

4.5 

44 

4.4 

4.4 

V 


Voltage 

Hout^ ^ 20 mA 

5.5 

5.4 

5.4 

5.4 




Vin = ViHorV|L 
••out^ — ^'0 rnA 

4.5 

3.98 

3.84 

3.7 


VOL 

Maximum Low-Level Output 

Vin = ViHorViL 

4.5 

0.1 

0.1 

0.1 

V 


Voltage 

••out! — 20 pA 

5.5 

0.1 

0.1 

0.1 




Vin = V|HorV|L 
llout^ ^ 4.0 mA 

4.5 

0.26 

0.33 

0.4 


•in 

Maximum Input Leakage Current 

Vjn = Vqq or GND 

5.5 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

5.5 

4.0 

40 

160 

pA 


Current (per Package) 

•out = 0 |iA 







^'CC 


Additional Quiescent Supply 
Current 


Vjn = 2.4 V, Any One Input 
Vjn = Vqq or GND, Other Inputs 
lout = 0 p.A 


5.5 


>-55°C 

25°Cto125°C 

2.9 

2.4 


mA 


NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HCT157A 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V ± 10%, Cl = 50 pF, Input V = tf = 6.0 ns) 


Symbol 

Parameter 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Input A or B to Output Y 

27 

34 

41 

ns 

tPHL 

(Figures 1 and 4) 





tPLH. 

Maximum Propagation Delay, Select to Output Y 

37 

46 

56 

ns 

tPHL 

(Figures 2 and 4) 





tPLH. 

Maximum Propagation Delay, Output Enable to Output Y 

30 

38 

45 

ns 

tPHL 

(Figures 3 and 4) 





tTLH. 

Maximum Output Transition Time, Any Output 

15 

19 

22 

ns 

tTHL 

(Figures 1 and 4) 





tr.tf 

Maximum Input Rise and Fall Time 

500 

500 

500 

ns 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Transceiver Channel)* 

64 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 


PIN DESCRIPTIONS 


INPUTS 



AO, A1, A2, A3 (Pins 2, 5, 11, 14) 

Nibble A inputs. The data present on these pins is trans- 
ferred to the outputs when the Select input is at a low level 
and the Output Enable input is at a low level. The data Is 
presented to the outputs in noninverted form. 


BO, B1, B2, B3 (Pins 3, 6, 10, 13) 

Nibble B inputs. The data present on these pins Is trans- 
ferred to the outputs when the Select input is at a high level 
and the Output Enable input is at a low level. The data Is 
presented to the outputs in noninverted form. 


OUTPUTS 


YO, Y1, Y2, Y3 (Pins 4, 7, 9, 12) 

Data outputs. The selected Input Nibble is presented at 


these outputs when the Output Enable input is at a low level. 
The data is presented to the outputs in noninverted form. For 
the Output Enable input at a high level, the outputs are at a 
low level. 

CONTROL INPUTS 
Select (Pin 1) 

Nibble select. This input determines the data word to be 
transferred to the outputs. A low level on this input selects 
the A inputs and a high level selects the B inputs. 

Output Enabie (Pin 15) 

Output Enable input. A low level on this input allows the 
selected input data to be presented at the outputs. A high 
level on this input sets all outputs to a low level. 
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EXPANDED LOGIC DIAGRAM 



YO. 


Y1 


\ DATA 
/ OUTPUTS 


Y3 J 


SWITCHING WAVEFORMS 






TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


4 : 


Cl* 


* Includes all probe and jig capacitance 


Figure 4. Test Circuit 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Quad 2-Input Data 
Selector/Multiplexer 

High-Performance Silicon-Gate CMOS 

The MC54/74HC158 is identical in pinout to the LS158. The device 
inputs are compatible with Standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

These devices route 2 nibbles (A or B) to a single port (Y) as deter- 
mined by the Select input. The data is presented at the outputs in inverted 
form for the HC1 58. A high level on the Output Enable input sets all four Y 
outputs to a high level for the HC158. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 2 to 6V 

• Low Input Current: IpA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance With the JEDEC Standard No. 7A Requirements 

• Chip Complexity: 74 FETs or 18.5 Equivalent Gates 


LOGIC DIAGRAM 





1 


D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 


ORDERING INFORMATION 

MC54HCXXXJ Ceramic 

MC74HCXXXN Plastic 

MC74HCXXXD SOIC 




Pinout: 16-Lead Plastic Package (Top View) 

Output 
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MC54/74HC158 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqc and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 1 0 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (Vjp or Vout) ^ Vqc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 2) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




DC CHARACTERISTICS (Voltages Referenced to GND) 





< 

<o 

O 

Guaranteed Limit 


Symbol 

Parameter 

Condition 

-55 to 25°C 

<85°C 

<125°C 

Unit 

V|H 

— 

Minimum High-Level Input Voltage 

Vout = 0.1V or Vqq -0.1V 

2.0 

1.50 

1.50 

1.50 

V 



••out^ - 20|j.A 

4.5 

3.15 

3.15 

3.15 





6.0 

4.20 

4.20 

4.20 


VlL 

Maximum Low-Level Input Voltage 

Vout = 0.1V or Vqq -0.1V 

2.0 

0.3 

0.3 

0.3 

V 



••out^ - 20{iA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|HorViL 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ - 20jj.A 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin =VlH or Vil Hout^ ^ 4.0mA 

4.5 

3.98 

3.84 

3.70 




llout^ ^ 5.2mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 20pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = VlHorViL lloutl^ 4.0mA 

4.5 

0.26 

0.33 

0.40 




••oufl — 5.2mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vqq or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

o 

e 

II 

o 

> 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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AC CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 




o 

o> 

> 

Guaranteed Limit 


Symbol 

Parameter 

-55 to 25°C 

<85°C 

<125°C 

Unit 

tPLH. 

Maximum Propagation Delay, Input A or B to Output Y 

2.0 

125 

155 

190 

ns 

tPHL 

(Figures 3 and 5) 

4.5 

25 

31 

38 




6.0 

21 

26 

32 


tPLH. 

Maximum Propagation Delay, Select to Output Y 

2.0 

125 

155 

190 

ns 

^PHL 

(Figures 3 and 5) 

4.5 

25 

31 

38 




6.0 

21 

26 

32 


tPLH- 

Maximum Propagation Delay, Output Enable to Output Y 

2.0 

. 115 

145 

175 

ns 

tPHL 

(Figures 4 and 5) 

4.5 

23 

29 

35 




6.0 

20 

25 

30 


tTLH. ■ 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 2 and 5) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

10 

10 

10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25X, Vcc = 5 0 V 

CpD 

Power Dissipation Capacitance (Per Package)* 

35 


* Used to determine the no-load dynamic power consumption: Pp = CpD VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 


SWITCHING WAVEFORMS 





Figure 1 . 


Figure 2. Y versus Select, Inverted 



TEST 

POINT 



o 


OUTPUT 

DEVICE 


UNDER 


TEST 





‘Includes all probe and jig capacitance 

Figure 4. Test Circuit 
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PIN DESCRIPTIONS 


INPUTS 

A0-A3 (Pins 2,5,11,14) 

Nibble A inputs. The data present on these pins is trans- 
ferred to the outputs when the Select input is at a low level and 
the Output Enable input is at a low level. The data is presented 
to the outputs in inverted form for the HC158. 

B0-B3 (Pins 3,6,10,13) 

Nibble B inputs. The data present on these pins is trans- 
ferred to the outputs when the Select input is at a high level and 
the Output Enable input is at a low level. The data is presented 
to the outputs in inverted form for the HC158. 

OUTPUTS 

Y0-Y3 (Pins 4,7,9,12) 

Data outputs. The selected input nibble is presented at 
these outputs when the Output Enable input is at a low level. 


The data present on these pins is in its inverted form for the 
HC1 58. For the Output Enable input at a high level, the outputs 
are at a high level for the HC158. 

CONTROL INPUTS 
Select (Pin 1) 

Nibble select. This input determines the data word to be 
transferred to the outputs. A low level on this input selects the 
A inputs and a high level selects the B inputs. 

Output Enable (Pin 15) 

Output Enable input. A low level on thisinput allows the 
selected data to be presented at the outputs. A high level on 
this input sets all of the outputs to a high level for the HC158. 



Figure 5. Expanded Logic Diagram 
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Advance Information 

Quad 2'>lnput Data 
Selector/Multiplexer 

High-Performance Silicon-Gate CMOS 

The MC74HC158A is identical in pinout to the LS158. The device 
inputs are compatible with Standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

These devices route 2 nibbles (A or B) to a single port (Y) as deter- 
mined by the Select Input. The data is presented at the outputs In Inverted 
form for the HC1 58A. A high level on the Output Enable input sets all four 
Y outputs to a high level for the HC158A. 



• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 2 to 6V 

• Low Input Current: IpA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance With the JEDEC Standard No. 7A Requirements 

• Chip Complexity: 74 FETs or 18.5 Equivalent Gates 

LOGIC DIAGRAM 



Pinout: 16-Lead Plastic Package (Top View) 


MC74HC158A 



N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 



D SUFFIX 

sole PACKAGE 
CASE 751 B-05 



DT SUFFIX 

TSSOP PACKAGE 
CASE 948F-01 


ORDERING INFORMATION 

MC74HCXXXAN Plastic 

MC74HCXXXAD SOIC 

MC74HCXXXADT TSSOP 


FUNCTION TABLE 


Inputs 

Outputs 

Output 

Enable 

Select 

Y0-Y3 

H 

X 

H 

L 

L 

Ab-A3 

L 

H 

^-B3 


X = Don’t Care 

A0-A3, B0-B3 = the levels of the respec- 
tive Data-Word inputs. 


Output 

Vcc Enable A3 B3 Y3 A2 B2 Y2 

rarisiriTii^ritiriiiranii 




LlIUJUJLlJUJUJUJIiJ 

Select AO BO YO A1 B1 Y1 GND 

This document contains information on a new product. Specifications and information herein are subject to 
change without notice. 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic DlPf 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature 

-65 to -h 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC or TSSOP Package) 

260 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
fDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 2) 

Vqq = 3.0 V 

0 

600 




Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55°Cto 

25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••oufl — 20 pA 

3.0 

2.1 

2.1 

2.1 





4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

••out^ — 20 pA 

3.0 

0.9 

0.9 

0.9 





4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 



Minimum High-Level Output 

Vin = V|H or V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V,HorV|L Hout' ^ 2.4 mA 

3.0 

2.48 

2.34 

2.20 




••out^ — ^-0 mA 

4.5 

3.98 

3.84 

3.70 




••out^ — mA 

6.0 

5.48 

5.34 

5.20 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55° C to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

llouti ^ 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l Houtl ^ 2.4 mA 

3.0 

0.26 

0.33 

0.40 




llout* ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




••out^ — 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

4 

40 

160 

pA 


Current (per Package) 

o 

c 

II 

o 

1. 







NOTE: Information on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6.0 ns) 





Guaranteed Limit 




Vcc 

-55°C to 




Symbol 

Parameter 

V 

25° C 

< 85°C 

< 125°C 

Unit 

tPLH. 

Maximum Propagation Delay, Input A to Output Y 

2.0 

125 

155 

190 

ns 

tPHL 

(Figures 1 and 4) 

3.0 

85 

95 

110 




4.5 

25 

31 

38 




6.0 

21 

26 

32 


tPLH. 

Maximum Propagation Delay, CS1 to Output Y 

2.0 

125 

155 

190 

ns 

tPHL 

(Figures 2 and 4) . . 

3.0 

85 

95 

110 




4.5 

25 

31 

38 




6.0 

21 

26 

32 


tPLH. 

Maximum Propagation Delay, CS2 or CSS to Output Y 

2.0 

115 

145 

175 

ns 

tPHL 

(Figures 3 and 4) 

3.0 

80 

90 

100 




4.5 

23 

29 

35 




6.0 

20 

25 

30 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 2 and 4) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


Qn 

Maximum Input Capacitance 


10 

10 

10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 



CpD 


Power Dissipation Capacitance (Per Package)* 


Typical @ 25°C, Vcc = 5 0 V 


35 


pF 


* Used to determine the no-load dynamic power consumption: Pq = Cpo VQQ^f + Iqq Vqq. For load considerations, see Chapter 2. 
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SWITCHING WAVEFORMS 



Figure 1. Figure 2. Y versus Select, Inverted 



Figure 3. Figure 4. Test Circuit 
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PIN DESCRIPTIONS 


INPUTS 

A0-A3 (Pins 2,5,11,14) 

Nibble A inputs. The data present on these pins is trans- 
ferred to the outputs when the Select input is at a low level and 
the Output Enable input is at a low level. The data Is presented 
to the outputs in inverted form for the HC1 58A. 

B0-B3 (Pins 3,6,10,13) 

Nibble B inputs. The data present on these pins Is trans- 
ferred to the outputs when the Select input is at a high level and 
the Output Enable input is at a low level. The data is presented 
to the outputs in inverted form for the HC158A. 

OUTPUTS 

Y0-Y3 (Pins 4,7,9,12) 

Data outputs. The selected input nibble is presented at 
these outputs when the Output Enable input is at a low level. 


The data present on these pins is in its inverted form for the 
HC158A. For the Output Enable input at a high level, the out- 
puts are at a high level for the HC158A. 


CONTROL INPUTS 
Select (Pin 1) 

Nibble select. This input determines the data word to be 
transferred to the outputs. A low level on this input selects the 
A inputs and a high level selects the B inputs. 

Output Enable (Pin 15) 

Output Enable input. A low level on thisinput allows the 
selected data to be presented at the outputs. A high level on 
this input sets all of the outputs to a high level for the HC1 58A. 



Figure 5. Expanded Logic Diagram 
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Presettable Counters 

High-Performance Silicon-Gate CMOS 

The MC54/74HC160 and HC162 are identical in pinout to the LS160 and 
LS162, respectively. The device inputs are compatible with standard CMOS 
outputs: with pullup resistors, they are compatible with LSTTL outputs. 

The HC160 and HC162 are programmable BCD counters with asynchro- 
nous and synchronous Reset inputs, respectively. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 
® Operating Voltage Range: 2 to 6 V 

» Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 234 FETs or 58.5 Equivalent Gates 


LOGIC DIAGRAM 



QO 


Q1 

Q2 


BCD OR 
BINARY 
OUTPUTS 


03 


RIPPLE 

CARRY 

OUT 


PIN16 = Vcc 
PIN8 = GND 


MC54/74HC160 

MC54/74HC162 




J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 


N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 


D SUFFIX 

16 SOIC PACKAGE 

CASE 751 B-05 


ORDERING INFORMATION 

MC54HCXXXJ Ceramic 
MC74HCXXXN Plastic 
MC74HCXXXD SOIC 


PIN ASSIGNMENT 

RESET [ 

1 • 16 

^ Vcc 

CLOCK [ 

2 15 

1 RIPPLE 



CARRY OUT 

PO [ 

3 14 

] QO 

PI [ 

4 13 

]Q1 

P2 [ 

5 12 

] Q2 

P3[ 

6 11 

] 03 

ENABLE P [ 

7 10 

] ENABLE T 

gnd[ 

8 9 

] LOAD 




Count 


Device 

Mode 

Reset Mode 

HC160 

BCD 

Asynchronous 

HC162 

BCD 

Synchronous 


FUNCTION TABLE 


Inputs 

Output 

Q 

Clock 

Reset* 

Load 

Enable P 

Enable T 

J- 

L 

X 

X 

X 

Reset 

-T 

H 

L 

X 

X 

Load Preset Data 

J- 

H 

H 

H 

H 

Count 

J~ 

H 

H 

L 

X 

No Count 


H 

H 

X 

L 

No Count 


* HC162 only. HC160 is an Asynchronous Reset Device 
H = high level 
L = low level 
X = don’t care 
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* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
fDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


3 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

- 55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out! — 20 jiA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out^ — 20 (J.A 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = ViH orViL 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out! — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vjn = V|H or V|L Houtl ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llouti ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VoL 

Maximum Low-Level Output 

Vin = V|H or V|l 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out! — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l Houtl ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




Houtl - 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

•out = 0 pA 


1 





NOTE: Information on typical parametric values can be found in Chapter 2. 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin, Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

V.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (VjnOrVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., eitner GND or Vqq). 
Unused outputs must be left open. 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5to Vcc + 1-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vcc arid GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DIPt 

750 

mW 


SOIC Packaget 

500 


"^stg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 1 0 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6 ns) 


Symbol 

Parameter 

o 

o> 

> 


H 

-55 to 
25°C 

< 85°C 

< 125°C 

^max 

Maximum Clock Frequency (50% Duty Cycle)* 

2.0 


4.8 

4.0 

MHz 


(Figures 1 and 7) 

4.5 


24 

20 




6.0 


28 

24 



Maximum Propagation Delay, Clock to Q 

2.0 

170 

215 

255 

ns 


. (Figures 1 and 7) 

4.5 

34 

43 

51 




6.0 

29 

37 

43 




2.0 

205 

255 

310 




4.5 

41 

51 

62 




6.0 

35 

43 

53 



Maximum Propagation Delay, Reset to Q (HC160 Only) 

2.0 

210 


315 

ns 


(Figures 2 and 7) 














Maximum Propagation Delay, Enable T to Ripple Carry Out 

2.0 

160 

200 

240 

ns 


(Figures 3 and 7) 

4.5 

32 

40 

48 


■■ 


6.0 

27 

34 

41 


tPHL 


2.0 

195 

245 

295 




4.5 

39 

49 

59 




6.0 

33 

42 

50 


tPLH 

Maximum Propagation Delay, Clock to Ripple Carry Out 

2.0 

175 

220 

265 

ns 


(Figures 1 and 7) 

4.5 

35 

44 

53 




6.0 

30 

37 

45 


tPHL 


2.0 

215 

270 

325 




4.5 

43 

54 

65 




6.0 

37 

46 

55 


tPHL 

Maximum Propagation Delay, Reset to Ripple Carry Out 

2.0 

220 

275 

330 

ns 


(HC160 Only) 

4.5 

44 

55 

66 



(Figures 2 and 7) 

6.0 

37 

47 

56 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 7) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

— 

10 

10 

10 

pF 



* Applies to noncascaded/nonsynchronously clocked configurations only. With synchronously cascaded counters, (1) Clock to Ripple Carry Out 
propagation delays, (2) Enable T or Enable P to Clock setup times, and (3) Clock to Enable T or Enable P hold times determine fmax- However, 
if Ripple Carry Out of each stage is tied to the Clock of the next stage (nonsynchronously clocked), the f^ax ^he table above is applicable. 
See Applications Information in this data sheet. 

NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Package)* 

60 


* Used to determine the no-load dynamic power consumption: Pq = Cpp VQQ^f + iqq Vqq. For load considerations, see Chapter 2. 
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TIMING REQUIREMENTS (Input tr = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

- 55 to 
25°C 

< 85°C 

< 125°C 

^su 

Minimum Setup Time, Preset Data Inputs to Clock 

2.0 

150 

190 

225 

ns 


(Figure 5) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


^su 

Minimum Setup Time, Load to Clock 

2.0 

135 

170 

205 

ns 


(Figure 5) 

4.5 

27 

34 

41 




6.0 

23 

29 

35 


tsu 

Minimum Setup Time, Reset to Clock (HC162 only) 

2.0 

160 

200 

240 

ns 


(Figure 4) 

4.5 

32 

40 

48 




6.0 

27 

34 

41 


tsu 

Minimum Setup Time, Enable T or Enable P to Clock 

2.0 

200 

250 

300 

ns 


(Figure 6) 

4.5 

40 

50 

60 




6.0 

34 

43 

51 


th 

Minimum Hold Time, Clock to Preset Data Inputs 

2.0 

50 

65 

75 

ns 


(Figure 5) 

4.5 

10 

13 

15 




6.0 

9 

11 

13 


th 

Minimum Hold Time, Clock to Load 

2.0 

3 

3 

3 

ns 


(Figure 5) 

4.5 

3 

3 

3 




6.0 

3 

3 

3 


th 

Minimum Hold Time, Clock to Reset (HC162 only) 

2.0 

3 

3 

3 

ns 


(Figure 4) 

4.5 

3 

3 

3 




6.0 

3 

3 

3 


th 

Minimum Hold Time, Clock to Enable T or Enable P 

2.0 

3 

3 

3 

ns 


(Figure 6) 

4.5 

3 

3 

3 




6.0 

3 

3 

3 


tree 

Minimum Recovery Time, Reset Inactive to Clock (HC160 only) 

2.0 

125 

155 

190 

ns 


(Figure 2) 

4.5 

25 

31 

38 




6.0 

21 

26 

32 


tree 

Minimum Recovery Time, Load Inactive to Clock 

2.0 

125 

155 

190 

ns 


(Figure 5) 

4.5 

25 

31 

38 




6.0 

21 

26 

32 


tw 

Minimum Pulse Width, Clock 

2.0 

80 

100 

120 

ns 


(Figure 1) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tw 

Minimum Pulse Width, Reset (HC160 only) 

2.0 

80 

100 

120 ! 

ns 


(Figure 2) 

4.5 

16 

20 

24 i 




6.0 

14 

17 

20 ! 


tr.tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 1 

400 

400 



NOTE: Information on typical parametric values can be found In Chapter 2. 
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FUNCTION DESCRIPTION 


CONTROL FUNCTIONS 


The HC160/162 are programmable 4-bit synchronous 
counters that feature parallel Load, synchronous or asynch- 
ronous Reset, a Carry Output for cascading, and count- 
enable controls. 

The HC160 and HC162 are BCD counters with asynchro- 
nous Reset, and synchronous Reset, respectively. 

INPUTS 
Clock (Pin 2) 

The internal flip-flops toggle and the output count ad- 
vances with the rising edge of the Clock input. In addition, 
control functions, such as resetting (HC162) and loading 
occur with the rising edge of the Clock input. 

Preset Data Inputs PO, P1, P2, P3 (Pins 3, 4, 5, 6) 

These are the data inputs for programmable counting. 
Data on these pins may be synchronously loaded into the in- 
ternal flip-flops and appear at the counter outputs. PO (pin 3) 
is the least-significant bit and P3 (pin 6) is the most-signifi- 
cant bit. 

OUTPUTS 

QO, Q1, Q2, Q3 (Pins 14, 13, 12, 11) 

These are the counter outputs (BCD or binary). QO (pin 14) 
is the least-significant bit and Q3 (pin 11) is the most-signifi- 
cant bit. 

Ripple Carry Out (Pin 15) 

When the counter is in its maximum state (1001 for the 
BCD counters or 1111 for the binary counters), this output 
goes high, providing an external look-ahead carry pulse that 
may be used to enable successive cascaded counters. Rip- 
ple Carry Out remains high only during the maximum count 
state. The logic equation for this output is: 

Ripple Carry Out = Enable T*Q0*^«^«Q3 
for BCD counters HC160 and 
HC162 


Resetting 

A low level on the Reset pin (pin 1 ) resets the internal flip- 
flops and sets the outputs (QO through Q3) to a low level. 
The HC160 resets asynchronously and the HC162 resets 
with the rising edge of the Clock input (synchronous reset). 

Loading 

With the rising edge of the Clock, a low level on Load (pin 
9) loads the data from the Preset Data Input pins (PO, PI , P2, 
P3) into the internal flip-flops and onto the output pins, QO 
through Q3. The count function is disabled as long as Load is 
low. 

Although the HC160 and HC162 are BCD counters, they 
may be programmed to any state. If they are loaded with a 
state disallowed in BCD code, they will return to their normal 
count sequence within two clock pulses (see the Output 
State Diagram). 


Count Enable/Disable 

These devices have two count-enable control pins: En- 
able P (pin 7) and Enable T (pin 10). The devices count when 
these two pins and the Load pin are high. The logic equation 
is: 

Count Enable = Enable P • Enable T • Load 
The count is either enabled or disabled by the control in- 
puts according to Table 1 . In general. Enable P is a count- 
enable control; Enable T is both a count-enable and a 
Ripple-Carry Output control. 


Table 1. Count Enable/Disable 


Control Inputs 

Result at Outputs | 

Load 

Enable P 

Enable T 

Q0-Q3 

Ripple Carry Out 

H 

H 

H 

Count 

High when Q0-Q3 
are maximum* 

L 

H 

H 

No Count 

X 

L 

H 

No Count 

High when Q0-Q3 
are maximum* 

X 

X 

L 

No Count 

L 


*Q0 through Q3 are maximum for the HC160 and HC162 when 
Q3Q2Q1 Q0 = 1001. 



OUTPUT STATE DIAGRAMS 
HC160 and HC162 BCD Counters 
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MC54/74HC160 MC54/74HC162 


SWITCHING WAVEFORMS 




Figure 1. Figure 2. 



RESET 


CLOCK 


V i I 




■ Vcc 

■GND 


Figure 3. 


Figure 4. HC162 Only 



ENABLE! 

OR 

ENABLER 


CLOCK 


- VALID - 


^ ^ 50 % 


}C 


jfm 


-Vcc 

-GND 

-Vcc 

-GND 


Figure 5. 


Figure 6. 


TEST CIRCUIT 

TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

-y 


4 : 


* Includes all probe and jig capacitance 

Figure 7. 
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The flip-flops shown in the circuit diagrams are Toggle-Enable flip-flops. A Toggle- 
Enable flip-flop is a combination of a D flip-flop and a T flip-flop. When loading data from 
Preset inputs PO, PI , P2, and P3, the Load signal is used to disable the Toggle input (Tn) of 
the flip-flop. The logic level at the Pn input is then clocked to the Q output of the flip-flop 
on the next rising edge of the clock. 

A logic zero on the Reset device input forces the internal clock (C) high and resets the Q 
output of the flip-flop low. 


MC54/74HC160 MC54/74HC162 











MC54/74HC160 MC54/74HC162 


3 


MOTOROLA 


HC160, HC162 TIMING DIAGRAM 

Sequence illustrated in waveforms: 

1. Reset outputs to zero. 

2. Preset to BCD seven. 

3. Count to eight, nine, zero, one, two, and three. 

4. Inhibit. 


RESET (HC1 60) 
RESET (HC1 62) 
LOAD 


LJ 

, 1 , 

(ASYNCHRONOUS) 

LJ 

L 

(SYNCHRONOUS) 


LJ 


PO — C 


PRESET 

DATA 

INPUTS 


P1-i 
P2 - J 


P3 


CLOCK (HC1 60) 
CLOCK (HC1 62) 


f enable P 
COUNT I 

ENABLES 1 

[ ENABLE T 


QO 


OUTPUTS 


01 

02 


03 


RIPPLE 

CARRY 

OUT 


ru 

ru 

hu 
1 — 
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'H 
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1 

1 

1 
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1 
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1 
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1 

1 
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1 

1 
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1 
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MC54HC160* MC74HC160 
BCD Counter with Synchronous Reset 


TO 


R 

C 

C 

LOAD 

QO 

LOAD 

PO 

QO 


■T1 

-R Q1 

■C 

:c 

-LOAD 
: LOAD 01 
:pi 


-T2 

-R 02: 

-c 

:c 

■LOAD 

: LOAD Q2 - 

:p2 


r^H 

i>^ 

T3 

R n'3 



j 


c 

n 

n 


1 


:c 

-LOAD 

: LOAD Q3 - 
:p3 


15 RIPPLE 

CARRY 

OUT 


Vcc = PIN16 
GND = P1N8 


The flip-flops shown in the circuit diagrams are Toggle-Enable flip-flops. A Toggle- 
Enable flip-flop is a combination of a D flip-flop and a T flip-flop. When loading data from 
Preset inputs PO, PI , P2, and P3, the Load signal is used to disable the Toggle input (Tn) of 
the flip-flop. The logic level at the Pn input is then clocked to the Q output of the flip-flop 
on the next rising edge of the clock. 

A logic zero on the Reset device input forces the internal clock (C) high and resets the Q 
output of the flip-flop low. 
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TYPICAL APPLICATIONS 
CASCADING 


N-Bit Synchronous Counters 


LOAD 


H= COUNT 
L = DISABLE 
H = COUNT 
L = DISABLE 


RESET 


CLOCK 



NOTE: When used in these cascaded configurations the clock f^ax guaranteed limits may not apply. Actual performance will depend on 
number of stages. This limitation is due to set up times between Enable (Port) and Clock. 



Nibble Ripple Counter 


INPUTS 


INPUTS 


INPUTS 


LOAD 
ENABLE P 
ENABLE T 


CLOCK 


RESET 



OUTPUTS 


OUTPUTS 


OUTPUTS 
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TYPICAL APPLICATION 


HC162 



The HC162 facilitates designing counters of any modulus with minimal external logic. The output is glitch-free due to the 
synchronous Reset. 
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SEMICONDUCTOR TECHNICAL DATA 


Presettable Counters 

High-Performance Silicon-Gate CMOS 

The MC54/74HC161A and HCI63A are identical in pinout to the LS161 
and LS163. The device inputs are compatible with standard CMOS outputs; 
with pullup resistors, they are compatible with LSTTL outputs. 

The HC161A and HC163A are programmable 4-blt binary counters with 
asynchronous and synchronous reset, respectively. 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2.0 to 6.0 V 

• Low Input Current: 1 .0 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 1 92 FETs or 48 Equivalent Gates 


LOGIC DIAGRAM 



PRESET 

DATA 

INPUTS 


PO- 


P2- 


P3- 


14 


QO 
• Q1 


• Q2 

• Q3 


BCD OR 
BINARY 
OUTPUT 


CLOCK 



COUNT 

ENABLES 


tT 

RESET 1 

LOAD-i 

enable P 

ENABLE T-^^ 


RIPPLE 

CARRY 

OUT 


PIN16 = Vcc 
PIN8 = GND 


MC54/74HC161A 

MC54/74HC163A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 



N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 



D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 


ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 
MC74HCXXXAN Plastic 
MC74HCXXXAD SOIC 


PIN ASSIGNMENT 

RESET [ 

1 • 

16 

^ Vcc 

CLOCK [ 

2 

15 

1 RIPPLE 
CARRYOUT 

PO [ 

3 

14 

] QO 

PI [ 

4 

13 

] 01 

P2 [ 

5 

12 

] 02 

P3 [ 

6 

11 

] 03 

ENABLE P [ 

7 

10 

] ENABLE T 

GND [ 

8 

9 

] LOAD 






Device 

Count 

Mode 

Reset Mode 

HC161A 

Binary 

Asynchronous 

HC163A 

Binary 

Synchronous 


FUNCTION TABLE 


Inputs I 

Output 

Q 

Clock 

Reset* 

Load 

Enable P 

Enable T 


L 

X 

X 

X 

Reset 

y 

H 

L 

X 

X 

Load Preset Data 

y 

H 

H 

H 

H 

Count 

y 

H 

H 

L 

X 

No Count 

y 

H 

H 

X 

L 

No Count 


* HC163A only. HC161 A is an Asynchronous Reset Device 
H = high level 
L = low level 
X = don’t care 


10/95 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

'in 

DC Input Current, per Pin 

±20 

mA 

'out 

DC Output Current, per Pin 

±25 

mA 

'cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time (Figure 1) Vqq = 2.0 V 

0 

1000 

ns 


Vqq = 4.5 V 

0 

500 



Vqq = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ ^CC- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 



DC ELECTRICAL CHARACTERISTICS (Voltages referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

llout' ^ 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.50 

0.50 

0.50 

V 


Voltage 

"out' — 20 jiA 

4.5 

1.35 

1.35 

1.35 





6.0 

1.80 

1.80 

1.80 


VOH 

Minimum High-Level Output 

Vin = V|Hor V|l 

2.0 

1.9 

1.9 ■ 

1.9 

V 


Voltage 

"out' — 20 |iA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vjn = V|H or V|l llout' ^ 4.0 mA 


3.98 

3.84 

3.7 

V 



llout' ^ 5.2 mA 


5.48 

5.34 

5.2 


VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.10 

0.10 

0.10 

V 


Voltage 

"out' — 20 |iA 

4.5 

0.10 

0.10 

0.10 





6.0 

0.10 

0.10 

0.10 




Vin = V|H or V|l "out' ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 1 

V 



"out' ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


'in 

Maximum Input Leakage Current 

Vin = Vqq or GND 

6.0 

±0.1 

±1.0 

±1.0 

liA 

•cc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 

4 

40 

160 

pA 


Current (per Package) 

'out = 0 jiA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6.0 ns) 


Symbol 

Parameter 

Fig. 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tmax 

Maximum Clock Frequency (50% Duty Cycle)* 

1,7 

2.0 

6 

5 

4 

MHz 




4.5 

30 

24 

20 





6.0 

35 

28 

24 


tPLH 

Maximum Propagation Delay, Clock to Q 

1,7 

2.0 

120 

160 

200 

ns 




4.5 

20 

23 

28 





6.0 

16 

20 

22 


tPHL 


1,7 

2.0 

145 

185 

320 

ns 




4.5 

22 

25 

30 





6.0 

18 

20 

23 


tPHL 

Maximum Propagation Delay, Reset to Q (HC161A Only) 

2,7 

2.0 

145 

185 

220 

ns 




4.5 

20 

22 

25 





6.0 

17 

19 

21 


tPLH 

Maximum Propagation Delay, Enable T to Ripple Carry Out 

3, 7 

2.0 

110 

150 

190 

ns 




4.5 

16 

18 

20 





6.0 

14 

15 

17 


tPHL 


3,7 

2.0 

135 

175 

210 

ns 




4.5 

18 

20 

22 





6.0 

15 

16 

20 


tPLH 

Maximum Propagation Delay, Clock to Ripple Carry Out 

1,7 

2.0 

120 

160 

200 

ns 




4.5 

22 

27 

30 





6.0 

18- 

22 

25 


tPHL 


1,7 

2.0 

145 

185 

220 

ns 




4.5 

22 

28 

35 





6.0 

20 

24 

28 


tPHL 

Maximum Propagation Delay, Reset to Ripple Carry Out 

2,7 

2.0 

155 

190 

230 

ns 


(HC161AOnly) 


4.5 

22 

26 

30 





6.0 

18 

22 

25 


tTLH. 1 

Maximum Output Transition Time, Any Output 

2,7 

2.0 

75 

95 

110 

ns 

tTHL 



4.5 

15 

19 

22 





6.0 

13 

16 

19 


Qn 1 

Maximum Input Capacitance 

1, 7 

i 

- 

10 

10 

10 

pF 



* Applies to noncascaded/nonsynchronous clocked configurations only with synchronously cascaded counters. (1) Clock to Ripple Carry Out 
propagation delays. (2) Enable T or Enable P to Clock setup times and (3) Clock to Enable T or Enable P hold times determine fmax- However, 
if Ripple Carry out of each stage is tied to the Clock of the next stage (nonsynchronously clocked) the f^ax the table above is applicable. See 
Applications information in this data sheet. 

NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 


CPD 


Power Dissipation Capacitance (Per Gate)* 


Typical @ 25°C, Vcc = 5.0 V 


30 


pF 


* Used to determine the no-load dynamic power consumption: Pq = Cpp + IcC ^CC- For load considerations, see Chapter 2. 
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TIMING REQUIREMENTS (Cl = 50 pF, Input V = tf = 6.0 ns) 


Symbol 

Parameter 

Fig. 

< 

<o 

o 

Guaranteed Limit 

Unit 

- 55 to 
25°C 

< 85°C 

< 125°C 

^su 

Minimum Setup Time, 

5 

2.0 

40 

60 

80 

ns 


Preset Data Inputs to Clock 


4.5 

15 

20 

30 





6.0 

12 

18 

20 


^su 

Minimum Setup Time, 

5 

2.0 

60 

75 

90 

ns 


Load to Clock 


4.5 

15 

20 

30 





6.0 

12 

18 

20 


f 

Isu 

Minimum Setup Time, 

4 

2.0 

60 

75 

90 

ns 


Reset to Clock (HC163A Only) 


4.5 

20 

25 

35 





6.0 

17 

23 

25 


^su 

Minimum Setup Time, 

6 

2.0 

80 

95 

110 

ns 


Enable T or Enable P to Clock 


4.5 

20 

25 

35 






17 

23 

25 


^h 

Minimum Hold Time, 

5 

2.0 

■|QH| 


3 

ns 


Clock to Load or Preset Data Inputs 


4.5 



3 





6.0 



3 


th 

Minimum Hold Time, 

4 

2.0 



3 

ns 


Clock to Reset (HC163A Only) 


4.5 



3 





6.0 



3 


th 

Minimum Hold Time, 

6 

2.0 



3 

ns 


Clock to Enable T or Enable P 


4.5 



3 





6.0 



3 


tree 

Minimum Recovery Time, 

2 

2.0 

80 

95 

110 

ns 


Reset Inactive to Clock (HC1 61 A Only) 


4.5 

15 

20 

26 





6.0 

12 

17 

23 


tree 

Minimum Recovery Time, 

5 

2.0 

80 

95 

110 

ns 


Load Inactive to Clock 


4.5 

15 

20 

26 





6.0 

12 

17 

23 


tw 

Minimum Pulse Width, 

■njjH 







Clock 















tw 

Minimum Pulse Width, 

HSU 

2.0 

60 

75 

90 

■n 


Reset (HC161AOnly) 



12 

15 

18 

■■ 



mil 


10 

13 

15 

■1 

tr.tf 

Maximum Input Rise and Fall Times 

■■jH 

ISII 

1000 

1000 

1000 






500 

500 

500 

■■ 



HI 


400 

400 

400 
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FUNCTION DESCRIPTION 


The HC161A/163A are programmable 4-bit synchronous 
counters that feature parallel Load, synchronous or asynch- 
ronous Reset, a Carry Output for cascading and count- 
enable controls. 

The HC161A and HC163A are binary counters with 
asynchronous Reset and synchronous Reset, respectively. 

INPUTS 

Clock (Pin 2) 

The internal flip-flops toggle and the output count ad- 
vances with the rising edge of the Clock input. In addition, 
control functions, such as resetting and loading occur with 
the rising edge of the Clock input. 

Preset Data Inputs PO, P1, P2, P3 (Pins 3, 4, 5, 6) 

These are the data inputs for programmable counting. 
Data on these pins may be synchronously loaded into the in- 
ternal flip-flops and appear at the counter outputs. PO (Pin 3) 
is the least-significant bit and P3 (Pin 6) Is the most-signifi- 
cant bit. 

OUTPUTS 

QO, Q1, Q2, Q3 (Pins 14, 13, 12, 11) 


Ripple Carry Out (Pin 15) 

When the counter is In Its maximum state 1111 , this output 
goes high, providing an external look-ahead carry pulse that 
may be used to enable successive cascaded counters. Rip- 
ple Carry Out remains high only during the maximum count 
state. The logic equation for this output is: 

Ripple Carry Out = Enable T • QO • Q1 *02*03 


These are the counter outputs. QO (Pin 1 4) is the least- 
significant bit and 03 (Pin 11) is the most-significant bit. 


CONTROL FUNCTIONS 
Resetting 

A low level on the Reset pin (Pin 1 ) resets the internal flip- 
flops and sets the outputs (QO through 03) to a low level. 
The HC161 A resets asynchronously, and the HC163A resets 
with the rising edge of the Clock input (synchronous reset). 

Loading 

With the rising edge of the Clock, a low level on Load (Pin 
9) loads the data from the Preset Data input pins (PO, PI , P2, 
P3) into the internal flip-flops and onto the output pins, 00 
through 03. The count function is disabled as long as Load is 
low. 

Count Enable/Disable 

These devices have two count-enable control pins: En- 
able P (Pin 7) and Enable T (Pin 10). The devices count 
when these two pins and the Load pin are high. The logic 
equation is: 

Count Enable = Enable P • Enable T * Load 

The count is either enabled or disabled by the control in- 
puts according to Table 1 . In general. Enable P is a count- 
enable control: Enable T is both a count-enable and a 
Ripple-Carry Output control. 


Table 1. Count Enable/Disabie 


Control Inputs 

Result at Outputs 

Load 

Enable P 

Enable T 

Q0-Q3 

Ripple Carry Out 

H 

H 

H 

Count 

High when Q0-Q3 
are maximum* 

L 

H 

H 

No Count 

X 

L 

H 

No Count 

High when Q0-Q3 
are maximum* 

X 

X 

L 

No Count 

L 


* QO through Q3 are maximum when Q3 Q2 Q1 QO = 1 1 1 1 . 
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SWITCHING WAVEFORMS 




Figure 1. 


Figure 2. 



RESET 


CLOCK 


~\ 50 % 






•Vcc 


50% 


GND 


Figure 3. 


Figure 4. HC163A Only 



Figure 5. 



ENABLE! 

OR 

ENABLE P 



VALID 



Vcc 

GND 


CLOCK 



Vcc 

— GND 


Figure 6. 


TEST CIRCUIT 

TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

•~r 


4 : 


* Includes all probe and jig capacitance 

Figure 7. 
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The flip-flops shown in the circuit diagrams are Toggle-Enable flip-flops. A Toggle- 
Enable flip-flop is a combination of a D flip-flop and a T flip-flop. When loading data from 
Preset inputs PO, P1 , P2, and P3, the Load signal is used to disable the Toggle input (Tn) of 
the flip-flop. The logic level at the Pn input is then clocked to the Q output of the flip-flop 
on the next rising edge of the clock. 

A logic zero on the Reset device input forces the internal clock (C) high and resets the Q 
output of the flip-flop low. 


MC54/74HC161A MC54/74HC163A 








MC54/74HC161A MC54/74HC163A 


Sequence illustrated in waveforms; 

1 . Reset outputs to zero. 

2. Preset to binary twelve. 

3. Count to thirteen, fourteen, fifteen, zero, one and two. 

4. Inhibit. 


RESET(HC161A) - 
RESET (HC163A) - 
LOAD ■ 


PRESET 

DATA 

INPUTS 


^P3 — -T 

CL0CK(HC161A) 


J“ 


CLOCK (HC163A) ■ 


COUNT 

ENABLES 


ENABLE P • 
ENABLE T- 
QO - 


OUTPUTS 


01 • 
02 ■ 


, 03 . 
RIPPLE 
CARRY • 
OUT 


IT (ASYNCHRONOUS) 


i_Lr (SYNCHRONOUS) 


1 


"LhL" 



"fi 


I 


I 12 


J— I 


13 14 15 0 1 

I I H COUNT 

RESET LOAD 


• INHIBIT - 


Figure 9. Timing Diagram 
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The flip-flops shown in the circuit diagrams are Toggle-Enable flip-flops. A Toggle- 
Enable flip-flop is a combination of a D flip-flop and a T flip-flop. When loading data from 
Preset inputs PO, PI, P2, and P3, the Load signal is used to disable the Toggle input (Tn) of 
the flip-flop. The logic level at the Pn input is then clocked to the Q output of the flip-flop 
on the next rising edge of the clock. 

A logic zero on the Reset device input forces the internal clock (C) high and resets the Q 
output of the flip-flop low. 


MC54/74HC161A MC54/74HC163A 












MC54/74HC161A MC54/74HC163A 

TYPICAL APPLICATIONS CASCADING 


LOAD 


H = COUNT 
L = DISABLE 
H = COUNT 
L = DISABLE 


RESET 


CLOCK 



TO 

MORE 
SIGNIFICANT 
STAGES 


NOTE: When used in these cascaded configurations the clock f^ax guaranteed limits may not apply. Actual performance will depend on 
number of stages. This limitation is due to set up times between Enable (Port) and Clock. 


Figure 11. N-Bit Synchronous Counters 



INPUTS 


INPUTS 


INPUTS 


LOAD- 
ENABLE P - 


ENABLE T- 


CLOCK - 


RESET - 


-d. 


LOAD PO P1 P2 P3 
H ENABLE P 

RIPPLE 

ENABLE T CARRY 
OUT 

|> CLOCK 


R QO Q1 02 03 

CT 


LOAD PO P1 P2 P3 
H ENABLE P 




RIPPLE 

CARRY 

OUT 


ENABLE T 

|> CLOCK 

R QO 01 02 03 


TT 


LOAD PO P1 P2 P3 
H ENABLE P 


rl. 


RIPPLE 

CARRY 

OUT 


ENABLE T 
[> CLOCK 

R QO 01 02 03 


-TT 


TO 

MORE 

""significant 

STAGES 


OUTPUTS OUTPUTS OUTPUTS 

Figure 12. Nibble Ripple Counter 
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TYPICAL APPLICATIONS VARYING THE MODULUS 


HC163A HC163A 




The HC1 63A facilitates designing counters of any modulus with minimal external logic. The output is glitch-free due to the 
synchronous Reset. 
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Presettable Counters 

High-Performance Silicon-Gate CMOS 

The MC54/74HCT 1 61 A and HCT 1 63A are identical in pinout to the LSI 61 A 
and LS163A, These devices may be used as level converters for interfacing 
TTL or NMOS outputs to high speed CMOS inputs. 

The HCT 1 61 A and HCT 1 63A are programmable 4-bit binary counters with 
asynchronous and synchronous reset, respectively. 

• Output Drive Capability: 1 0 LSTTL Loads 

• TTL, NMOS Compatible Input Levels 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 4.5 to 5.5 V 

• Low Input Current: 1 |iA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 200 FETs or 50 Equivalent Gates 


LOGIC DIAGRAM 



FUNCTION TABLE 


Inputs 

Output 

Q 

Clock 

Reset* 

Load 

Enable P 

Enable T 

J" 

L 

X 

X 

X 

Reset 

J" 

H 

L 

X 

X 

Load Preset Data 

J" 

H 

H 

H 

H 

Count 

J" 

H 

H 

L 

X 

No Count 

J" 

H 

H 

X 

L 

No Count 


H = High Level; L = Low Level; X = Don’t Care 
* = HCT 1 63A only. HCT 1 61 A is an “Asynchronous-Reset” device. 


MC54/74HCT161A 

MC54/74HCT163A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 



N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 



D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 


ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 
MC74HCXXXAN Plastic 
MC74HCXXXAD SOIC 


Device 

Count Mode 

Reset Mode 

HCT161A 

HCT163A 

Binary 

Binary 

Asynchronous 

Synchronous 


Pinout: 16-Lead Package (Top View) 
Enable 

VcQ RCO* Qq Q-| Q2 Q3 T Load 

pisiri^rari^Hriiiri^iTi 




IjJLiJljJLiJLLlLiJLzJLLl 

Reset Clock Pq Pi P2 P3 Enable GND 

P 

* RCO = Ripple Carry Out 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

Positive DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1.5 to Vcc + 1-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqc and GND Pins 

±50 

mA 

pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 


"•stg 

Storage Temperature Range 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


Plastic DIP or SOIC Package 

260 



Ceramic DIP 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP; - 10 mW/°C from 65° to 125°C 

Ceramic DIP; - 10 mW/°C from 100° to 125°C 
SOIC Package; - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ ^CC- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

4.5 

5.5 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time (Figure 1) 

0 

500 

ns 



DC ELECTRICAL CHARACTERISTICS (Voltages referenced to GND) 





Vcc 

Guaranteed Limit 


Symbol 

Parameter 

Test Conditions 

V 

-55 to 25°C 

<85°C 

<125°C 

Unit 

VlH 

Minimum High-Level Input 

Vout = 0.1 VorVcc = -1.0V 

4.5 

2.0 

2.0 

2.0 

V 


Voltage 

••out^ — 20 pA 

5.5 

2.0 

2.0 

2.0 


VlL 

Maximum Low-Level Input 

Vout = 0.1 V 

4.5 

0.80 

0.80 

0.80 

V 


Voltage 

llout^ ^ 20 pA 

5.5 

0.80 

0.80 

0.80 


VOH 

Minimum High-Level Output 

Vin = V|HorViL 

4.5 

4.4 

4.4 

4.4 

V 


Voltage 

••out! — 20 pA 

5.5 

5.4 

5.4 

5.4 




Vin = V|H or V|l 
llout^ ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 

V 

VOL 

Maximum Low-Level Output 

Vin = V|H or V|l 

4.5 

0.10 

0.10 

0.10 



Voltage 

••out! — 20 pA 

5.5 

0.10 

0.10 

0.10 

V 



Vin = V|Hor V|l 
llouti ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 

V 

•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

5.5 

±0.10 

±1.00 

±1.00 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

5.5 

4 

40 

160 

pA 


Current (Per Package) 

•out - 0 pA 








Vjn = 2.4V. 


>-55°C 




•cc 

Additional Quiescent Supply 

Any One Input 


25 to +125°C 



Current 

V|N = Vcc or GND 


2.9 

2.4 


1 


Other Inputs lout - 0 pA 

5.5 




mA 


NOTE; Information on typical parametric values can be found in Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V ±10%; Cl = 50 pF, Input V = tf = 6.0 ns) 


Symbol 

Parameter 

Fig 

Guaranteed Limit 

Unit 

-55 to 25° C 

<85°C 

<125°C 

^max 

Maximum Clock Frequency (50% Duty Cycle)* 

1.7 

30 

24 

20 

MHz 

tPLH 

tPHL 

Maximum Propagation Delay Clock to Q 

1,7 

20 

23 

28 

ns 

1,7 

25 

30 

32 

ns 

tPHL 

Maximum Propagation Delay Reset to Q (HCT161 A Only) 

2,7 

25 

29 

33 

ns 

tPLH 

tPHL 

Maximum Propagation Delay Enable T to Ripple Carry Out 

3,7 

16 

18 

20 

ns 

3,7 

21 

24 

28 

ns 

tPLH 

tPHL 

Maximum Propagation Delay Clock to Ripple Carry Out 

1,7 

22 

25 

28 

ns 

1,7 

28 

33 

35 

ns 

tPHL 

Maximum Propagation Delay Reset to Ripple Carry Out 
(HCTieiAOnly) 

2,7 

24 

28 

32 

ns 

tTLH, 

^THL 

Maximum Output Transition Time, Any Output 

2,7 

15 

19 

22 

ns 

Cin 

Maximum Input Capacitance 

1,7 

10 

10 

10 

pF 


* Applies to noncascaded/nonsynchronous clocked configurations only. With synchronously cascaded counters, (1) Clock to Ripple Carry Out 
propagation delays, (2) Enable T or Enable P to Clock setup times, and (3) Clock to Enable T or Enable P hold times determine fmax- However, 
if Ripple Carry Out of each stage is tied to the Clock of the next stage (nonsynchronously clocked), the fmax ^he table above is applicable. See 
Applications information in this data sheet. 

NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 
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TIMING REQUIREMENTS (Vcc = 5.0 V ±10%: Cl = 50 pF, Input ^ = tf = 6.0 ns) 


Symbol 

Parameter 

Fig. 

Guaranteed Limit 

Unit 

-55 to 
25°C 

<85°C 

<125°C 

^su 

Minimum Setup Time, Preset Data Inputs to Clock 

5 

12 

18 

20 

ns 


Minimum Setup Time, Load to Clock 

5 

12 

18 

20 

ns 


Minimum Setup Time, Reset to Clock 

(HCT163A Only) 

4 

12 

18 

20 

ns 


Minimum Setup Time, Enable T or Enable P to Clock 

6 

12 

18 

20 

ns 

th 

Minimum Hold Time, Clock to Preset Data Inputs 

5 

3 

3 

3 

ns 


Minimum Hold Time, Clock to Load 

5 

3 

3 

3 

ns 


Minimum Hold Time, Clock to Reset 

(HCT163A Only) 

4 

3 

3 

3 

ns 


Minimum Hold Time, Clock to En T or En P 

6 

3 

3 

3 

ns 

Vec 

Minimum Recovery Time, Reset Inactive to Clock 

(HCT161AOnly) 

2 

12 

17 

23 

ns 


Minimum Recovery Time, Load Inactive to Clock 

2 

12 

17 

23 

ns 

tw 

Minimum Pulse Width, Clock 

1 

12 

15 

18 

ns 


Minimum Pulse Width, Reset 

(HCT161AOnly) 

1 

12 

15 

18 

ns 

V,tf 

Maximum Input Rise and Fall Times 


500 

500 

500 

ns 


CpD 


Power Dissipation Capacitance (Per Gate)* 


lypicai ^ vcc = v 


60 


pF 


* Used to determine the no-load dynamic power consumption: Pp = Cpp + ICC ^CC- For load considerations, see Chapter 2. 
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FUNCTION DESCRIPTION 


The HCT 1 61 A/1 63A are programmable 4-bit synchronous 
counters that feature parallel Load, synchronous or asynchro- 
nous Reset, a Carry Output for cascading and count-enable 
controls. 

The HCT161A and HCT163A are binary counters with 
asynchronous Reset and synchronous Reset, respectively. 

INPUTS 
Clock (Pin 2) 

The internal flip-flops toggle and the output count ad- 
vances with the rising edge of the Clock Input. In addition, con- 
trol functions, such as resetting and loading occur with the 
rising edge of the Clock input. In addition, control functions, 
such as resetting (HCT 1 63A) and loading occur with the rising 
edge of the Clock Input. 

Preset Data Inputs PO, PI , P2, P3 (Pins 3, 4, 5, 6) 

These are the data inputs for programmable counting. Data 
on these pins may be synchronously loaded into the internal 
flip-flops and appear at the counter outputs. PO (Pin 3) is the 
least-significant bit and P3 (Pin 6) is the most-significant bit. 

OUTPUTS 


CONTROL FUNCTIONS 
Resetting 

A low level on the Reset pin (pin 1 ) resets the internal flip- 
flops and sets the outputs (QO through Q3) to a low level. The 
HCT161A resets asynchronously, and the HCT163A resets 
with the rising edge of the Clock input (synchronous reset). 

Loading 

With the rising edge of the Clock, a low level on Load (pin 
9) loads the data from the Preset Data Input pins (PO, PI , P2, 
P3) into the internal flip-flops and onto the output pins, QO 
through Q3. The count function is disabled as long as Load is 
low. 

Count Enable/Disable 

These devices have two count-enable control pins: Enable 
P (Pin 7) and Enable T (Pin 1 0). The devices count when these 
two pins and the Load pin are high. The logic equation is; 

Count Enable = Enable P • Enable T • Load 

The count is either enabled or disabled by the control inputs 
according to Table 1 . In general. Enable P is a count-enable 
control: Enable T Is both a count-enable and a Ripple-Carry 
Output control. 



QO, Q1, Q2, Q3 (Pins 14, 13, 12, 11) 

These are the counter outputs. QO (Pin 1 4) is the least-sig- 
nificant bit and Q3 (Pin 11) is the most-significant bit. 


Ripple Carry Out (Pin 15) 

When the counter Is in its maximum state 1111 , this output 
goes high, providing an external look-ahead carry pulse that 
may be used to enable successive cascaded counters. Ripple 
Carry Out remains high only during the maximum count state. 
The logic equation for this output is: 

Ripple Carry Out = Enable T • QO • Q1 • Q2 • Q3 


Table 1 . Count Enable/Disable 


Control Inputs 

Result at Outputs 

Load 

Enable 

P 

Enable 

T 

00-03 

Ripple Carry Out 

H 

H 

H 

Count 

High when Q0-Q3 

are maximum* 

L 

H 

H 

No Count 

X 

L 

H 

No Count 

High when Q0-Q3 
are maximum* 

X 

X 

L 

No Count 

L 


QO through Q3 are maximum when Q3 Q2 Q1 QO = 1111 . 


OUTPUT STATE DIAGRAM 
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SWITCHING WAVEFORMS 




Figure 1. 


Figure 2. 
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Figure 3. 
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Figure 4. HCT163A Only 
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Figure 6. 
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*lnclucles all probe and jig capacitance 

Figure 7. Test Circuit 
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Figure 8. 4-Bit Binary Counter with Asynchronous Reset (MC54/74HCT1 61 A) 
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The flip-flops shown in the circuit diagrams are Toggle- 
Enable flip-flops. A Toggle-Enable flip-flop Is a combina- 
tion of a D flip-flop and a T flip-flop. When loading data 
from Preset inputs Pq, Pi , P2 and P3, the Load signal is 
used to disable the Toggle input (Tn) of the flip-flop. The 
logic level at the Pp input is then clocked to the Q output of 
the flip-flop on the next rising edge of the clock. 

A logic zero on the Reset device input forces the internal 
clock (C) high and resets the Q output of the flip-flop low. 


Figure 10. 4-Bit Binary Counter with Synchronous Reset (MC54/74HCT1 63A) 
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MC54/74HCT161A MC54/74HCT1 63A 

TYPICAL APPLICATIONS CASCADING 


Load 


H=Count 

L=Disable 

H=Count 

L=Disable 


Reset 


Clock 



To More 

Significant 

Stages 


NOTE: When used in these cascaded configurations the clock fppax guaranteed limits may not apply. Actual performance will 
depend on number of stages. This limitation is due to set-up times between Enable (port) and clock. 

Figure 11. N-Bit Synchronous Counters 


Load 
Enable P 
Enable T 


Clock 


Reset 


Inputs 


Inputs 

I 1 


Inputs 

I 1 



To More 
• Significant 
Stages 


Outputs 


Outputs 


Outputs 


Figure 12. Nibble Ripple Counter 
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MC54/74HCT161A MC54/74HCT163A 

TYPICAL APPLICATIONS VARYING THE MODULUS 

HCT163A HCT163A 




Figure 13. Modulo-5 Counter Figure 14. Modulo-11 Counter 

The HCT 1 63A facilitates designing counters of any modulus with minimal external logic. The output is glitch- 
free due to the synchronous Reset. 
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SEMICONDUCTOR TECHNICAL DATA 


8-Bit Serial-Input/ 
Parallel-Output Shift Register 

High-Performance Silicon-Gate CMOS 

The MC54/74HC164 is identical in pinout to the LS164. The device inputs 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

The MC54/74HC164 is an 8-bit, serial-input to parallel-output shift 
register. Two serial data inputs, A1 and A2, are provided so that one Input 
may be used as a data enable. Data is entered on each rising edge of the 
clock. The active-low asynchronous Reset overrides the Clock and Serial 
Data inputs. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 
® Low Input Current: 1 |iA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 244 FETs or 61 Equivalent Gates 


LOGIC DIAGRAM 



PARALLEL 

DATA 

OUTPUTS 


MC54/74HC164 


Do Not Use for New Designs 

THIS DEVICE WILL BE SUPERCEDED 
BY MC54/74HC164A IN THE 
SECOND QUARTER OF 1996 




FUNCTION TABLE 


Inputs 

Outputs 1 

Reset 

Clock 

A1 

A2 

Qa 

Qb 

Qh 

L 

X 

X 

X 

L 

L ... 

L 

H 

A. 

X 

X 


No Change 

H 

y 

H 

D 

D 

QAn ■ • • 

QGn 

H 

y 

D 

H 

D 

QAn ••• 

QOn 


D = data input 

QAh “ QOn = shifted from the preceding 
stage on a rising edge at the clock input. 


10/95 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 


Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vcc + 1-5 


Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqc and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packagef 

500 


Tstg 

Storage Temperature 

-65to + 150 

m 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°c 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: - 10 mW/^C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (Vjp or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

m 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

m 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symboi 

Parameter 

Test Conditions 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 


< 125°C 

V|H 

Minimum High-Level Input 

Voltage 

Vout = 0.1 V or Vcc -0.1 V 
••out' — 20 pA 


1.5 

3.15 

4.2 


m 

V 

V|L 

Maximum Low-Level Input 

Voltage 

Vout = 0.1 V or Vcc “ 0.1 V 
• •out! — 20 pA 

2.0 

4.5 

6.0 


Hi 

0.3 

0.9 

1.2 

V 

VOH 

Minimum High-Level Output 
Voltage 

Vin = V|H orV|L 
••out^ — 20 pA 

2.0 

4.5 

6.0 

1.9 

4.4 

5.9 

1.9 

4.4 

5.9 

1.9 

4.4 

5.9 

V 

Vin = V|H or V|l Hout^ ^ 4.0 mA 
llout^ ^ 5.2 mA 

4.5 

6.0 

3.98 

5.48 

3.84 

5.34 

3.70 

5.20 

VOL 

Maximum Low-Level Output 
Voltage 

Vin = V|H orV|L 
••out^ ^ 20 pA 

2.0 

4.5 

6.0 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

V 

Vin = V|H or V|l Hout^ ^ 4.0 mA 
llout^ ^ 5.2 mA 

4.5 

6.0 

0.26 

0.26 

0.33 

0.33 

0.40 

0.40 

•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 
Current (per Package) 

Vin = Vcc or GND 
•out = 0 pA 

6.0 

1 

8 

80 




NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC54/74HC164 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tp = tf = 6 ns) 



Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 


Maximum Clock Frequency (50% Duty Cycle) 

2.0 

6.0 

4.8 


MHz 


(Figures 1 and 4) 

4.5 

30 

24 





6.0 

35 

28 




Maximum Propagation Delay, Clock to Q 

2.0 

175 

220 

265 



(Figures 1 and 4) 

4.5 

35 

44 


■■ 



6.0 

30 

37 




Maximum Propagation Delay, Reset to Q 

2.0 

205 

255 




(Figures 2 and 4) 

4.5 

41 

51 





6.0 

35 

43 



tTLH. 

Maximum Output Transition Time, Any Output 

2.0 



110 


tTHL 

(Figures 1 and 4) 

4.5 



22 




6.0 



19 


C^in 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CPD 

Power Dissipation Capacitance (Per Package)* 

140 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Input V = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tsu 

Minimum Setup Time, A1 or A2 to Clock 

2.0 

50 

65 

75 

ns 


(Figure 3) 

4.5 

10 

13 

15 




6.0 

9 

11 

13 


th 

Minimum Hold Time, Clock to A1 or A2 

2.0 



5 

ns 


(Figure 3) 

4.5 



5 




6.0 



5 


Vec 

Minimum Recovery Time, Reset Inactive to Clock 

2.0 


HjnjHj 

5 

ns 


(Figure 2) 

4.5 



5 




6.0 

^9 

^9 

5 


tw 

Minimum Pulse Width, Clock 

2.0 

80 

100 

120 

ns 


(Figure 1) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tw 

Minimum Pulse Width, Reset 

2.0 

80 

100 

120 

ns 


(Figure 2) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tptf 

Maximum Input Rise and Fall Times 

2.0 



1000 

ns 


(Figure 1) 

4.5 



500 




6.0 


■■ 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC54/74HC164 


PIN DESCRIPTIONS 


INPUTS 

A1,A2 (Pins 1,2) 

Serial Data Inputs. Data at these inputs determine the data 
to be entered into the first stage of the shift register. For a 
high level to be entered into the shift register, both A1 and A2 
inputs must be high, thereby allowing one input to be used as 
a data-enable input. When only one serial input is used, the 
other must be connected to Vcc- 

Clock (Pin 8) 

Shift Register Clock. A positive-going transition on this pin 
shifts the data at each stage to the next stage. The shift 


register is completely static, allowing clock rates down to DC 
In a continuous or intermittent mode. 

OUTPUTS 

Qa “ Qh (Pins 3, 4, 5, 6, 10, 11, 12, 13) 

Parallel Shift Register Outputs. The shifted data is pres- 
ented at these outputs In true, or noninverted, form. 

CONTROL INPUT 
Reset (Pin 9) 

Active-Low, Asynchronous Reset Input. A low voltage ap- 
plied to this input resets all internal flip-flops and sets Out- 
puts Qa - Qr to the low level state. 


SWITCHING WAVEFORMS 



Figure 1. Figure 2. 


A1 0RA2 


VALID 


~^ ^ 50 % 


■\r 

Jv- 


CLOCK 




Vcc 

GND 

Vcc 

GND 


DEVICE 

UNDER 

TEST 


TEST POINT 

P 


OUTPUT 


Cl* 


* Includes all probe and jig capacitance 


Figure 3. 


Figure 4. Test Circuit 
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8-Bit Serial-Input/ 
Parallel-Output Shift Register 

High-Performance Silicon-Gate CMOS 

The MC54/74HC164A is identical in pinout to the LS164. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

The MC54/74HC1 64A is an 8-bit, serial-input to parallel-output shift 
register. Two serial data inputs, A1 and A2, are provided so that one input 
may be used as a data enable. Data is entered on each rising edge of the 
clock. The active-low asynchronous Reset overrides the Clock and Serial 
Data inputs. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 iiA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 244 FETs or 61 Equivalent Gates 


LOGIC DIAGRAM 




Qa 

Qb 

Qc 

Qd 

Qe 

Qf 

Qg 

Qh 


PARALLEL 

DATA 

OUTPUTS 


FUNCTION TABLE 


MC54/74HC164A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 632-08 



N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 



D SUFFIX 

SOIC PACKAGE 
CASE 751 A-03 



DT SUFFIX 

TSSOP PACKAGE 
CASE 948G-01 


ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 
MC74HCXXXAN Plastic 
MC74HCXXXAD SOIC 
MC74HCXXXADT TSSOP 


PIN ASSIGNMENT 

A1 [ 

1 • 

14 

IVcc 

A2 [ 

2 

13 

]Qh 

Qa[ 

3 

12 

]Qg 

Qb C 

4 

11 

] Qp 

Qct 

5 

10 

]Qe 

Qd [ 

6 

9 

] RESET 

GND [ 

7 

8 

] CLOCK 


Inputs 1 

Outputs 

Reset 

Clock 

A1 

A2 

Qa Qb Qh 

L 

X 

X 

X 

L L ... L 

H 

"V 

X 

X 

No Change 

H 

-A 

H 

D 

D OAn ••• QOn 

H 

J- 

D 

H 

D OAn ••• QOn 


D = data input 

QAh “ QGh = data shifted from the preceding 
stage on a rising edge at the clock input. 


(g) MOTOROLA 


© Motorola, Inc. 1996 


3-226 


REVO 








MC54/74HC164A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Package! 

500 



TSSOP Package! 

450 


Tstg 

Storage Temperature 

-65 to + 150 

°c 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC or TSSOP Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
fDerating — Plastic DIP; - 10 mW/°C from 65° to 125°C 

Ceramic DIP; - 10 mW/°C from 100° to 125°C 
SOIC Package; -7 mW/°C from 65° to 125°C 
TSSOP Package; - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (VjnOrVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

V.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55° C to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out! — 20 j-iA 

3.0 

2.1 

2.1 

2.1 





4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

••out! — 20 fxA 

3.0 

0.9 

0.9 

0.9 





4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


VOH 

Minimum High-Level Output 

Vin = V|H or V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out! — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l IW ^ 2.4 mA 

3.0 

2.48 

2.34 

2.20 




••out^ — ^'0 mA 

4.5 

3.98 

3.84 

3.70 




••out^ — ^'2 mA 

6.0 

5.48 

5.34 

5.20 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55°C to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

VOL 

Maximum Low-Level Output 

Vin = V|H or V|l 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

l^out^ — 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l Houfl ^ 2.4 mA 

3.0 

0.26 

0.33 

0.40 




llouti ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




Houfl ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


lin 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

icc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

4 

40 

160 

pA 


Current (per Package) 

lout = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 



AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 


Symboi 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55°Cto 

25°C 

< 85°C 

< 125°C 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

10 

10 

10 

MHz 


(Figures 1 and 4) 

3.0 

20 

20 

20 




4.5 

40 

35 

30 




6.0 

50 

45 

40 


tPLH. 

Maximum Propagation Delay, Clock to Q 

2.0 

160 

200 

250 

ns 

tPHL 

(Figures 1 and 4) 

3.0 

100 

150 

200 




4.5 

32 

40 

48 




6.0 

27 

34 

42 


tPHL 

Maximum Propagation Delay, Reset to Q 

2.0 

175 

220 

260 

ns 


(Figures 2 and 4) 

3.0 

100 

150 

200 




4.5 

35 

44 

53 




6.0 

30 

37 

45 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 4) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


^in 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 


CpD 


Power Dissipation Capacitance (Per Package)* 


Typical @ 25°C, Vcc = 5.0 V 


180 


pF 


Used to determine the no-load dynamic power consumption: Pp = CpD Vqq^I + Iqq Vqq. For load considerations, see Chapter 2 


TIMING REQUIREMENTS (Input tr = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55° C to 
25° C 

< 85°C 

< 125°C 

^su 

Minimum Setup Time, A1 or A2 to Clock 

2.0 

25 

35 

40 

ns 


(Figure 3) 

3.0 

15 

20 

25 




4.5 

7 

8 

9 




6.0 

5 

6 

6 


th 

Minimum Hold Time, Clock to A1 or A2 

2.0 

3 

3 

3 

ns 


(Figure 3) 

3.0 

3 

3 

3 




4.5 

3 

3 

3 




6.0 

3 

3 

3 
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TIMING REQUIREMENTS (Input V = tf = 6 ns) 


— 

Symbol 

Parameter 

Vcc 

V 

Guaranteed Limit 

Unit 

-55°Cto 

25°C 

< 85°C 

< 125°C 

Vec 

Minimum Recovery Time, Reset Inactive to Clock 

2.0 

3 

3 

3 

ns 


(Figure 2) 

3.0 

3 

3 

3 




4.5 

3 

3 

3 




6.0 

3 

3 

3 


tw 

Minimum Pulse Width, Clock 

2.0 

50 

60 

75 

ns 


(Figure 1) 

3.0 

26 

35 

45 




4.5 

12 

15 

20 




6.0 

10 

12 

15 


tw 

Minimum Pulse Width, Reset 

2.0 

50 

60 

75 

ns 


(Figure 2) 

3.0 

26 

35 

45 




4.5 

12 

15 

20 




6.0 

10 

12 

15 


tr.tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1 ) 

3.0 

800 

800 

800 




4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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PIN DESCRIPTIONS 


INPUTS 

A1,A2 (Pins 1,2) 

Serial Data Inputs. Data at these inputs determine the data 
to be entered into the first stage of the shift register. For a 
high level to be entered into the shift register, both A1 and A2 
inputs must be high, thereby allowing one input to be used as 
a data-enable input. When only one serial input is used, the 
other must be connected to Vcc- 

Clock (Pin 8) 

Shift Register Clock. A positive-going transition on this pin 
shifts the data at each stage to the next stage. The shift 


register is completely static, allowing clock rates down to DC 
in a continuous or intermittent mode. 

OUTPUTS 

Qa “ Qh (Pins 3, 4, 5, 6, 10, 11, 12, 13) 

Parallel Shift Register Outputs. The shifted data is pres- 
ented at these outputs in true, or noninverted, form. 

CONTROL INPUT 

Reset (Pin 9) 

Active-Low, Asynchronous Reset Input. A low voltage ap- 
plied to this input resets all internal flip-flops and sets Out- 
puts Qa - Or to the low level state. 


SWITCHING WAVEFORMS 





Figure 1. 


Figure 2. 


A1 0RA2 


VALID 




K 


CLOCK 


y 50% 


Vcc 

GND 

Vcc 

GND 


DEVICE 

UNDER 

TEST 


TEST POINT 
OUTPUT ? 


Cl^ 


* Includes all probe and jig capacitance 


Figure 3. 


Figure 4. Test Circuit 
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8-Bit Serial or Parallel-Input/ 
Serial-Output Shift Register 

High-Performance Silicon-Gate CMOS 

The MC54/74HC165 is identical in pinout to the LS165. The device inputs 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

This device is an 8-bit shift register with complementary outputs from the 
last stage. Data may be load ed into the reg ister either in parallel or in serial 
form. When the Serial Shift/Parallel Load input is low, the da ta is loaded 
asynchronously in parallel. When the Serial Shift/Parallel Load input is high, 
the data is loaded serially on the rising edge of either Clock or Clock Inhibit 
(see the Function Table). 

The 2-input NOR clock may be used either by combining two independent 
clock sources or by designating one of the clock inputs to act as a clock 
inhibit. 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 286 FETs or 71 .5 Equivalent Gates 

LOGIC DIAGRAM 



-Qh 

-Qh 


SERIAL 

DATA 

OUTPUTS 


PIN16 = Vcc 

PIN 8 = GND 


MC54/74HC165 




J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 


N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 


D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 


ORDERING INFORMATION 

MC54HCXXXJ Ceramic 
MC74HCXXXN Plastic 
MC74HCXXXD SOIC 


PIN ASSIGNMENT 

SERIAL SHIFT/ 

PARALLEL LOAD 



FUNCTION TABLE 


Inputs 

Internal Stages 

Qa Qb 

Output 

Qh 

Operation 

Serial Shift/ 
Parallel Load 

Clock 

Clock 

Inhibit 

sa 

A-H 

L 

X 

X 

X 

a ... h 

a 

b 

h 

Asynchronous Parallel Load 

H 

H 

J- 

L 

L 

L 

H 

X 

X 

L 

H 

O D 
> > 

:3 3 

QGn 

QGn 

Serial Shift via Clock 

H 

H 

L 

L 

V 

J~ 

L 

H 

X 

X 

L 

H 

O O 
> > 

D -3 

^Gn 

QGn 

Serial Shift via Clock Inhibit 

H 

H 

X 

H 

H 

X 

X 

X 

X 

X 

No Change 

Inhibited Clock 

H 

L 

L 

X i 

X 

No Change 

No Clock 


X = don’t care 

QAh - Qgh = shifted from the preceding stage 


10/95 

© Motorola, Inc. 1995 


3-232 


REV 6 



MOTOROLA 





MC54/74HC165 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqq + 1 .5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

'in 

DC Input Current, per Pin 

±20 

mA 

'out 

DC Output Current, per Pin 

±25 

mA 

'cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Package! 

500 


Tstg 

Storage Temperature 

-65 to -H 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP; - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vj^ and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


3 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

VlH 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

"out' — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

"out' — 20 fiA 

4.5 

0.9 

09 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|HOi'V|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

"out' — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = VlH or VlL "out' ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 

V 



"out' — ^‘2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|HorV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

"out' — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or VjL 'lout' ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




"out' — ^’2 mA 

6.0 

0.26 

0.33 

0.40 


'in 

Maximum Input Leakage Current 

Vin = Vqq or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

'cc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

'out = 0 pA 







NCTE: Information on typical parametric values can be found in Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tn tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF. Input tf = tf = 6 ns) 


Symbol 

Parameter 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 


(Figures 1 and 8) 

4.5 

30 

24 

20 




6.0 

35 

28 

24 


tPLH. 

Maximum Propagation Delay, Clock (or Clock Inhibit) to Qh or Qh 

2.0 

150 

190 

225 

ns 

^PHL 

(Figures 1 and 8) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tPLH. 

Maximum Propagation Delay, Serial Shift/Parallel Load to Qh or Qh 

2.0 

175 

220 

265 

ns 

tPHL 

(Figures 2 and 8) 

4.5 

35 

44 

53 




6.0 

30 

37 

45 


tPLH. 

Maximum Propagation Delay, Input H to Qh or Qh 

2.0 

150 

190 

225 


tPHL 

(Figures 3 and 8) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tTLH> 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 8) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 


CpD 


Power Dissipation Capacitance (Per Package)* 


Typical @ 25X, Vcc = 5.0 V 


85 


pF 


* Used to determine the no-load dynamic power consumption: Pq = Cpo VcQ2f + |qq Vqq. For load considerations, see Chapter 2. 
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TIMING REQUIREMENTS (Input tp = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tsu 

Minimum Setup Time, Parallel Data Inputs to Serial Shift/Parallel Load 

2.0 

100 

125 

150 

ns 


(Figure 4) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


^su 

Minimum Setup Time, Input SA to Clock (or Clock Inhibit) 

2.0 

100 

125 

150 

ns 


(Figure 5) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


fsu 

Minimum Setup Time, Serial Shift/Parallel Load to Clock (or Clock Inhibit) 

2.0 

100 

125 

150 

ns 


(Figure 6) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


fsu 

Minimum Setup Time, Clock to Clock Inhibit 

2.0 

100 

125 

150 

ns 


(Figure 7) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


th 

Minimum Hold Time, Serial Shift/Parallel Load to Parallel Data Inputs 

2.0 

5 

5 

5 

ns 


(Figure 4) 

4.5 

5 

5 

5 




6.0 

5 

5 

5 


th 

Minimum Hold Time, Clock (or Clock Inhibit) to Input SA 

2.0 

5 

5 

5 

ns 


(Figure 5) 

4.5 

5 

5 

5 




6.0 

5 

5 

5 


th 

Minimum Hold Time, Clock (or Clock Inhibit) to Serial Shift/Parallel Load 

2.0 

5 

5 

5 

ns 


(Figure 6) 

4.5 

5 

5 

5 




6.0 

5 

5 

5 


tree 

Minimum Recovery Time, Clock to Clock Inhibit 

2.0 

100 

125 

150 

ns 


(Figure 7) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


tw 

Minimum Pulse Width, Clock (or Clock Inhibit) 

2.0 

80 

100 

120 

ns 


(Figure 1) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 1 


tw 

Minimum Pulse width. Serial Shift/Parallel Load 

2.0 

80 

100 

120 

ns 


(Figure 2) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tr.tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 



PIN DESCRIPTIONS 


INPUTS 

A, B, C, D, E, F, G, H (Pins 11, 12, 13, 14, 3, 4, 5, 6) 

Parallel Data inputs. Data on these inputs are asynchro- 
nously ente red in parallel into the internal flip-flops when the 
Serial Shift/Parallel Load input is low. 

SA (Pin 10) 

Serial Data input. When the Serial Shift/Parallel Load input 
is high, data on this pin is serially entered into the first stage 
of the shift register with the rising edge of the Clock. 

CONTROL INPUTS 

Serial Shift/Parallel Load (Pin 1) 

Data-entry control input. When a high level is applied to 
this pin, data at the Serial Data input (SA) are shifted into the 
register with the rising edge of the Clock. When a low level is 


applied to this pin, data at the Parallel Data inputs are 
asynchronously loaded into each of the eight internal stages. 

Clock, Clock Inhibit (Pins 2, 15) 

Clock inputs. These two dock inputs function identically. 
Either may be used as an active-high clock inhibit. However, 
to avoid double clocking, the inhibit input should go high only 
while the clock Input is high. 

The shift register is completely static, allowing Clock rates 
down to DC in a continuous or intermittent mode. 

OUTPUTS 
Qh. Qh (Pins 9, 7) 

Complementary Shift Register outputs. These pins are the 
noninverted and inverted outputs of the eighth stage of the 
shift register. 
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SWITCHING WAVEFORMS 



SERIAL SHIFT/ 
PARALLEL LOAD 


/ 


tPLH 




50% 




tPHL 


vcc 

GND 


QhORQh 




Figure 2. Parallel-Load Mode 




Figure 3. Parallel-Load Mode 



(LEVEL SENSITIVE) 

Figure 4. Parallel-Load Mode 


INPUT Sa 


VALID - 




}( 


CLOCK 
OR CLOCK INHIBIT 




50% 


-Vcc 
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•50% 

^su 


j 4 o% 

-th— ^ 


CLOCK 
OR CLOCK INHIBIT 


F50% 


Vcc 

GND 

-Vcc 
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Figure 5. Serial-Shift Mode 


Figure 6. Serial-Shift Mode 
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OUTPUT 
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TEST 
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* Includes all probe and jig capacitance 

Figure 8. Test Circuit 
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EXPANDED LOGIC DIAGRAM 

B C F 
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TIMING DIAGRAM 
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Product Preview 

8-Bit Serial or Parallel-Input/ 
Serial-Output Shift Register 

High-Performance Silicon-Gate CMOS 

The MC54/74HC165A is identical in pinout to the LS165. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

This device is an 8-bit shift register with complementary outputs from the 
last stage. Data may be load ed into the reg ister either in parallel or In serial 
form. When the Serial Shift/Parallel Load input is low, the da ta is loaded 
asynchronously in parallel. When the Serial Shift/Parallel Load input is high, 
the data is loaded serially on the rising edge of either Clock or Clock Inhibit 
(see the Function Table). 

The 2-input NOR clock may be used either by combining two Independent 
clock sources or by designating one of the clock inputs to act as a clock 
Inhibit. 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7 A 

• Chip Complexity: 286 FETs or 71 .5 Equivalent Gates 

LOGIC DIAGRAM 


MC54/74HC165A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 



N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 



D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 



DT SUFFIX 

TSSOP PACKAGE 
CASE 948F-01 


ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 
MC74HCXXXAN Plastic 

MC74HCXXXAD SOIC 

MC74HCXXXADT TSSOP 


PARALLEL 
DATA ^ 
INPUTS 


A- 
B- 
C- 
D- 
E. 
F- 
G- 

SERIAL fV ^ ‘ 
DATA \ Sa 
INPUT I 
SERIAL SHIFT/ 


PARALLEL LOAD 
CLOCK- 
CLOCK INHIBIT - 


11 



12 



13 


9 

14 

7 

3 


J 



J 

_6 



JO 




A 


J 

V 



-Qh 

-qh 


SERIAL 

DATA 

OUTPUTS 


PIN ASSIGNMENT 

SERIAL SHIFT/ 


PIN16 = Vcc 
PIN 8 = GND 


PARALLEL LOAD 

CLOCK [ 2 

E[ 3 
F[ 4 
G C 5 
HE 6 
QhE 7 

GND[ 8 


16 ] Vcc 

15 ] CLOCK INHIBIT 
]D 
]C 
]B 
]A 

3Sa 
]Qh 


FUNCTION TABLE 


Inputs 

Internal Stages 

Qa Qb 

Output 

Qh 

Operation 

Serial Shift/ 
Parallel Load 

Clock 

Clock 

Inhibit 

Sa 

A-H 

L 

X 

X 

X 

a ... h 

a 


h 

Asynchronous Parallel Load 

H 

H 

ss 

L 

L 

L 

H 

X 

X 

L 

H 

c c 
< < 
O O 

QGn 

QGn 

Serial Shift via Clock 

H 

H 

L 

L 

J~ 

J~ 

L 

H 

X 

X 

L 

H 

c c 
< < 
O O 

QGn 

QGn 

Serial Shift via Clock Inhibit 

H 

X 

H 

H 

X 

X X 

X 

X 

No Change 

Inhibited Clock 

H 

L 

L 

X 

X 

No Change 

No Clock 


X = don’t care 


OAr “ QGh = shifted from the preceding stage 


This document contains information on a product under development. Motorola reserves the right to change or 
discontinue this product without notice. 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-0.5 to Vcc + 0.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0.5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vcc ai^cl GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DIPt 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature 

- 65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC or TSSOP Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp, and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 3.0 V 

0 

600 




Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 


400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vniit = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out! — 20 |iA 

3.0 

2.1 

2.1 

2.1 





4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

••out! — 20 pA 

3.0 

0.9 

0.9 

0.9 





4.5 

1.35 

1.35 

1.35 





6.0 

1.80 

1.80 

1.80 


VOH 

Minimum High-Level Output 

Vin = ViH orViL 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

llouti — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|L Hout' ^ 2.4 mA 

3.0 

2.48 

2.34 

2.20 

V 



llouti - 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llouti ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

VOL 

Maximum Low-Levei Output 

Vin = V|H or V|l 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

l^outl — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vjn = V|H or V|l llout' ^ 2.4 mA 

3.0 

0.26 

0.33 

0.40 




••out* ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llouti ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


hn 

Maximum Input Leakage Current 

Vjn = Vqq or GND 

6.0 

±0.1 

±1.0 

±1.0 

^lA 

'CC 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

4 

40 

160 

^A 


Current (per Package) 

•out = 0 fiA 







NOTE: Information on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 


Symbol 

Parameter 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

^max 

Maximum Ciock Frequency (50% Duty Cycle) 

2.0 

10 

9 

8 

MHz 


(Figures 1 and 8) 

3.0 

15 

14 

12 




4.5 

30 

28 

25 




6.0 

50 

45 

40 


tPLH. 

Maximum Propagation Deiay, Clock (or Clock Inhibit) to Qh or Qh 

2.0 

110 

125 

160 

ns 

tPHL 

(Figures 1 and 8) 

3.0 

36 

45 

60 




4.5 

22 

26 

32 




6.0 

19 

23 

28 


tPLH. 

Maximum Propagation Delay, Serial Shift/Parallel Load to Q|-| or Qh 

2.0 

85 

96 

106 

ns 

tPHL 

(Figures 2 and 8) 

3.0 

57 

63 

71 




4.5 

25 

29 

32 




6.0 

19 

23 

27 


tpLH. 

Maximum Propagation Deiay, Input H to Qh or Qh 

2.0 

110 

125 

160 

ns 

tPHL 

(Figures 3 and 8) 

3.0 

36 

45 

60 




4.5 

22 

26 

32 




6.0 

19 

23 

28 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 8) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric vaiues can be found in Chapter 2. 





Typical @ 25°C, Vqc = 5-0 V 

CPD 

Power Dissipation Capacitance (Per Package)* 

40 


* Used to determine the no-ioad dynamic power consumption: Pp = Cpp VQQ^f + Iqq Vcc- lo^cl considerations, see Chapter 2. 


MOTOROLA 


3-240 


High-Speed CMOS Logic Data 
DL129 — Rev6 






MC54/74HC165A 


TIMING REQUIREMENTS (Input ^ = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

- 55 to 
25° C 

< 85°C 

< 125°C 

tsu 

Minimum Setup Time, Parallel Data Inputs to Serial Shift/Parallel Load 

2.0 

75 

95 

110 

ns 


(Figure 4) 

3.0 

30 

40 

55 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


^su 

Minimum Setup Time, Input SA to Clock (or Clock Inhibit) 

2.0 

75 

95 

110 

ns 


(Figure 5) 

3.0 

30 

40 

55 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


tsu 

Minimum Setup Time, Serial Shift/Parallel Load to Clock (or Clock Inhibit) 

2.0 

75 

95 

110 

ns 


(Figure 6) 

3.0 

30 

40 

55 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


tsu 

Minimum Setup Time, Clock to Clock Inhibit 

2.0 

75 

95 

110 

ns 


(Figure 7) 

3.0 

30 

40 

55 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


th 

Minimum Hold Time, Serial Shift/Parallel Load to Parallel Data Inputs 

2.0 

1 

1 

1 

ns 


(Figure 4) 

3.0 

1 

1 

1 




4.5 

1 

1 

1 




6.0 

1 

1 

1 


th 

Minimum Hold Time, Clock (or Clock Inhibit) to Input SA 

2.0 

1 

1 

1 

ns 


(Figure 5) 

3.0 

1 

1 

1 




4.5 

1 

1 

1 




6.0 

1 

1 

1 


th 

Minimum Hold Time, Clock (or Clock Inhibit) to Serial Shift/Parallel Load 

2.0 

1 

1 

1 

ns 


(Figure 6) 

3.0 

1 

1 

1 




4.5 

1 

1 

1 




6.0 

1 

1 

1 


tree 

Minimum Recovery Time, Clock to Clock Inhibit 

2.0 

75 

95 

110 

ns 


(Figure 7) 

3.0 

30 

40 

55 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


tw 

Minimum Pulse Width, Clock (or Clock Inhibit) 

2.0 

70 

90 

100 

ns 


(Figure 1) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


tw 

Minimum Pulse width. Serial Shift/Parallel Load 

2.0 

70 

90 

100 

ns 


(Figure 2) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


tr.tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

3.0 

800 

800 

800 




4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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PIN DESCRIPTIONS 


INPUTS 

A, B, C, D, E, F, G, H (Pins 11, 12, 13, 14, 3, 4, 5, 6) 

Parallel Data inputs. Data on these inputs are asynchro- 
nously ente red in parallel into the internal flip-flops when the 
Serial Shift/Parallel Load input is low. 

SA(PinlO) 

Serial Data Input. When the Serial Shift/Parallel Load input 
is high, data on this pin is serially entered into the first stage 
of the shift register with the rising edge of the Clock. 

CONTROL INPUTS 

Serial Shift/Parallel Load (Pin 1) 

Data-entry control input. When a high level is applied to 
this pin, data at the Serial Data input (SA) are shifted into the 
register with the rising edge of the Clock. When a low level is 


applied to this pin, data at the Parallel Data inputs are 
asynchronously loaded into each of the eight internal stages. 

Clock, Clock Inhibit (Pins 2, 15) 

Clock inputs. These two clock Inputs function identically. 
Either may be used as an active-high clock inhibit. However, 
to avoid double clocking, the inhibit input should go high only 
while the clock Input is high. 

The shift register is completely static, allowing Clock rates 
down to DC in a continuous or intermittent mode. 

OUTPUTS 

QH. Qh (Pins 9, 7) 

Complementary Shift Register outputs. These pins are the 
noninverted and inverted outputs of the eighth stage of the 
shift register. 
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SWITCHING WAVEFORMS 




Vcc 

GND 


Figure 2. Parallel-Load Mode 



Figure 3. Parallel-Load Mode 



(LEVEL SENSITIVE) 

Figure 4. Parallel-Load Mode 



INPUT Sa 

CLOCK 
OR CLOCK INHIBIT 


VALID 



SERIAL SHIFT/ 
PARALLEL LOAD 


CLOCK 
OR CLOCK INHIBIT 




'su — th — ^ 

7 ^^ 


^ 50 % 


Vcc 

GND 

Vcc 

GND 


Figure 5. Serial-Shift Mode 


Figure 6. Serial-Shift Mode 



TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


-± 


* Includes all probe and jig capacitance 

Figure 8. Test Circuit 
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SEMICONDUCTOR TECHNICAL DATA 


Quad 3-State D Flip-Flop with 
Common Clock and Reset 

High-Performance Silicon-Gate CMOS 

The MC74HC1 73 is identical in pinout to the LS1 73. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

Data, when enabled, are clocked into the four D flip-flops with the rising 
edge of the common Clock. When either or both of the Output Enable 
Controls is high, the outputs are in a high-impedance state. This feature 
allows the HC173 to be used in bus-oriented systems. The Reset feature is 
asynchronous and active high. 

• Output Drive Capability: 15 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity 208 FETs or 52 Equivalent Gates 

LOGIC DIAGRAM 



-QO 

-Q1 

-Q2 

-Q3 


CLOCK 


3-STATE 

NONINVERTING 

OUTPUTS 


DATA- 

ENABLES 



RESET 


OUTPUT J 0E1 \ 

ENABLES 1 0E2 / 


Vcc = PIN16 
GND = P1N8 


MC74HC173 


16 ^ 


N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 


D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 


ORDERING INFORMATION 


MC74HCXXXN 

MC74HCXXXD 


Plastic 

SOIC 


PIN ASSIGNMENT 

0E1 [ 

1 • 

16 

] Vcc 

OE2 [ 

2 

15 

] RESET 

QO [ 

3 

14 

] DO 

01 [ 

4 

13 

]D1 

Q2 [ 

5 

12 

] D2 

03 [ 

6 

11 

] D3 

CLOCK [ 

7 

10 

]DE2 

GND [ 

8 

9 

] DEI . 


FUNCTION TABLE 


Inputs 

Output 

Output Enables 

Reset 

Clock 

Data Enables 

Data 

D 

Q 

OE1 

OE2 

DEI 

DE2 

L 

L 

H 

X 

X 

X 

X 

L 

L 

L 

L 

L 

X 

X 

X 

No Change 

L 

L 

L 

H 

X 

X 

X 

No Change 

L 

L 

L 

y 

H 

X 

X 

No Change 

L 

L 

L 

V 

X 

H 

X 

No Change 

L 

L 

L 

y 

L 

L 

L 

L 

L 

L 

L 

y 

L 

L 

H 

H 

L 

L 

L 

A. 

X 

X 

X 

No Change 

L 

H 

X 

X 

X 

X 

X 

High Impedance 

H 

L 

X 

X 

X 

X 

X 

High Impedance 

H 

H 

X 

X 

X 

X 

X 

High Impedance 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vcc + 1-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±35 

mA 

•cc 

DC Supply Current, Vcc ^*^^1 GND Pins 

±75 

mA 

pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

,750 

500 

mW 

"^stg 

Storage Temperature 

- 65 to 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 



Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 


m 

tp tf 



0 

1000 

ns 




0 

500 





0 

400 




This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnOrVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. . 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 





■I 









gm 

m 


Parameter 

Test Conditions 

|y| 






Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 


HSU 



IHI 


Voltage 

••out^ — 20 pA 

mm 








6.0 

Bl 


WIM 

hhi 

V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 



0.3 

V 


Voltage 

••out^ — 20 pA 

4.5 



0.9 





6.0 


1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|HorV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 pA 

4.5 

4.4 


4.4 





6.0 

5.9 


5.9 




Vin = V|H or V|l Houtl ^ 0.0 mA 

4.5 

3.98 

3.84 

3.70 




llouti ^ 7.8 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out! — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l Houtl ^ 6.0 mA 

4.5 



0.40 




Houtl — 7.8 mA 

6.0 



0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 


Maximum Three-State 

Output in High-Impedance State 



±5.0 

±10 

pA 

U 

Leakage Current 

Vin = V|LorV|H 

Vout = Vcc or GND 






•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

- 55 to 
25°C 

< 85°C 

< 125°C 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 


(Figures 1 and 5) 

4.5 

30 

24 

20 




6.0 

35 

28 

24 


tPLH. 

Maximum Propagation Delay, Clock to Q 

2.0 

175 

220 

265 

ns 

tPHL 

(Figures 1 and 5) 

4.5 

35 

44 

53 




6.0 

30 

37 

45 


tPHL 

Maximum Propagation Delay, Reset to Q 

2.0 

150 

190 

225 

ns 


(Figures 2 and 5) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tPLZ. 

Maximum Propagation Delay, Output Enable to Q 

2.0 

150 

190 

225 

ns 

tPHZ 

(Figures 3 and 6) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tpZL. 

Maximum Propagation Delay, Output Enable to Q 

2.0 

150 

190 

225 

ns 

tPZH 

(Figures 3 and 6) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures 1 and 5) 

4.5 

12 

15 

18 




6.0 

10 

13 

15 


^in 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 

Gout 

Maximum Three-State Output Capacitance 

— 

15 

15 

15 

pF 


(Output in High-Impedance State) 







NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Flip-Flop)* 

35 


* Used to determine the no-load dynamic power consumption: Pq = Cpo VQQ2f + Iqq Vqc. For load considerations, see Chapter 2. 



TIMING REQUIREMENTS (Input V = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

tsu 

Minimum Setup Time, Input D or DE to Clock 

2.0 

100 

125 

150 

ns 


(Figure 4) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


th 

Minimum Hold Time, Clock to Input D or DE 

2.0 

3 

3 

3 

ns 


(Figure 4) 

4.5 

3 

3 

3 




6.0 

3 

3 

3 


Vec 

Minimum Recovery Time, Reset Inactive to Clock 

2.0 

90 

115 

135 

ns 


(Figure 2) 

4.5 

18 

23 

27 




6.0 

15 

20 

23 


tw 

Minimum Pulse Width, Clock 

2.0 

80 

100 

120 

ns 


(Figure 1) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tw 

Minimum Pulse Width, Reset 

2.0 

80 

100 

120 

ns 


(Figure 2) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tptf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 


High-Speed CMOS Logic Data 
DL129 — Rev6 


3-247 


MOTOROLA 






MC74HC173 


PIN DESCRIPTIONS 


INPUTS 

DO, D1, D2, D3 (Pins 14, 13, 12, 11) 

4-bit data inputs. Data on these pins, when enabled by the 
Data-Enable Controls, are entered into the flip-flops on the 
rising edge of the clock. 

CLOCK (Pin 7) 

Clock input. 

OUTPUTS 

QO, 01, 02, 03 (Pins 3, 4, 5, 6) 

3-state register outputs. During normal operation of the 
device, the outputs of the D flip-flops appear at these pins. 
During 3-state operation, these outputs assume a high- 
impedance state. 


CONTROL INPUT 
Reset (Pin 15) 

Asynchronous reset input. A high level on this pin resets all 
flip-flops and forces the Q outputs low, if they are not already 
in high-impedance state. 

DEI, DE2 (Pins 9, 10) 

Active-low Data Enable Control inputs. When both Data 
Enable Controls are low, data at the D inputs are loaded into 
the flip-flops with the rising edge of the Clock input. When 
either or both of these controls are high, there is no change in 
the state of the flip-flops, regardless of any changes at the D 
or Clock inputs. 

0E1,0E2 (Pins 1,2) 

Output Enable Control inputs. When either or both of the 
Output Enable Controls are high, the 0 outputs of the device 
are in the high-impedance state. When both controls are 
low, the device outputs display the data in the flip-flops. 



SWITCHING WAVEFORMS 




Figure 1. 


Figure 2. 



INPUT D 
ORDE 




vcc 

GND 


CLOCK 




Figure 4. 
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TEST CIRCUITS 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


-± 


* Includes all probe and jig capacitance 


TEST POINT 



C 


DEVICE 

OUTPUT ^ 

1 kQ 


- Ww 

UNDER 

TEST 

- 

I Cl* 


CONNECT TO Vcc WHEN 
TESTING tpLZ and tpzL 
CONNECT TO GND WHEN 
TESTING tpHZ and tpzH, 


* Includes all probe and jig capacitance 


Figure 5. 


Figure 6. 


LOGIC DETAIL 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Hex D Flip-Flop with 
Common Clock and Reset 

High-Performance Silicon-Gate CMOS 

The MC54/74HC174A is identical in pinout to the LS174. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

This device consists of six D flip-flops with common Clock and Reset 
inputs. Each flip-flop is loaded with a low-to-high transition of the Clock 
input. Reset is asynchronous and active-low. 

• Output Drive Capability: 1 0 LSTTL Loads 

• TTL NMOS Compatible Input Levels 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 4.5 to 5.5 V 

• Low Input Current: 1 .0 pA 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 1 62 FETs or 40.5 Equivalent Gates 


LOGIC DIAGRAM 



Design Criteria 

Value 

Units 

Internal Gate Count* 

40.5 

ea. 

Internal Gate Propagation Delay 

1.5 

ns 

Internal Gate Power Dissipation 

5.0 

pW 

Speed Power Product 

.0075 

pj 


* Equivalent to a two-input NAND gate. 


MC54/74HC174A 


J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 


N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 


D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 


ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 
MC74HCXXXAN Plastic 
MC74HCXXXAD SOIC 


PIN ASSIGNMENT 


RESET 

QO 

DO 

D1 

Q1 

D2 

Q2 

GND 


1 • 

16 

] Vcc 

2 

15 

]Q5 

3 

14 

]D5 

4 

13 

]D4 

5 

12 

]Q4 

6 

11 

] D3 

7 

10 

]Q3 

8 

9 

] CLOCK 



FUNCTION TABLE 


Inputs 1 

Output 

Reset 

Clock 

D 

Q 

L 

X 

X 

L 

H 

-T 

H 

H 

H 

J- 

L 

L 

H 

L 

X 

No Change 

H 


X 

No Change 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

— 1 .5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

-0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPt 

750 

mW 


SOIC Packaget 

500 


Tstg 

Storage Temperature 

- 65 to + 1 50 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tptf 

Input Rise and Fall Time (Figure 1 ) Vqq = 2.0 V 

0 

1000 

ns 


Vqq = 4.5 V 

0 

500 



Vqq = 6.0 V 

0 

400 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 







Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out^ — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vr,ut = 0.1 V or Vqq -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

••out^ — 20 pA 

4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


VOH 

Minimum High-Level Output 

Vin = V|H or V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out! — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H orV|L 
llout^ ^ 4.0 mA 

4.5 

3.98 

3.84 

3.7 




llouti ^ 5.2 mA 

6.0 

5.48 

5.34 

5.2 


VoL 

Maximum Low-Level Output 

Vin = V|H or V|l 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|HorV|L 
••out^ — ^-0 mA 

4.5 

0.26 

0.33 

0.4 




••out^ — 5-2 mA 

6.0 

0.26 

0.33 

0.4 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

•in 

Maximum Input Leakage Current 

Vin = Vqq or GND 

6.0 

±0.1 

±1.0 

±1.0 

fiA 

•cc 

Maximum Quiescent Supply 
Current (per Package) 

Vin = VcC or GND 
•out = 0 fiA 

6.0 

4.0 

40 

160 

fiA 


NOTES: 

1 . Information on typical parametric values along with high frequency or heavy load considerations, can be found in Chapter 2. 

2. Total Supply Current = Iqq + SAIqq. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6.0 ns) 


Symbol 

Parameter 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

6.0 

4.8 

4.0 



(Figures 1 and 4) 

4.5 

30 

24 

20 




6.0 

35 

28 

24 


tPLH 

Maximum Propagation Delay, Clock to Q 

2.0 


140 

165 


tPHL 

(Figures 1 and 4) 

4.5 


28 

33 




6.0 


24 

28 


tPLH 

Maximum Propagation Delay, Reset to Q 

2.0 





tPHL 

(Figures 2 and 4) 

4.5 







6.0 




■i 

tTLH 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 



tTHL 

(Figures 1 and 4) 

4.5 

15 

19 





6.0 

13 

16 



C^in 

Maximum Input Capacitance 


10 

10 

10 

PF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Enabled Output)* 

62 


* Used to determine the no-load dynamic power consumption; Pq = CpD VQQ^f + Iqq Vqq. For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Cl = 50 pF, Input tj- = tf = 6.0 ns) 






Guaranteed Limit 

■i 






< 85°C 

< 125°C 

■ 

Symbol 

Parameter 

Fig- 









tsu 

Minimum Setup Time, Data to Clock 

3 

2.0 

50 

■■■ 









4.5 

10 










6.0 

9.0 

Hlf 







Minimum Hold Time, Clock to Data 

3 

2.0 



5.0 







4.5 



5.0 








6.0 



5.0 





kec 

Minimum Recovery Time, Reset Inactive to Clock 


2.0 


■■■ 








4.5 











6.0 








tw 

Minimum Pulse Width, Clock 


2.0 


■null 



■ns 





4.5 










mM 

6.0 





■9 


■i 

tw 

Minimum Pulse Width, Reset 



75 

■■■ 









15 










6.0 

13 

IB 






tr.tf 

Maximum Input Rise and Fall Times 

■ns 

2.0 


1000 


1000 


1000 

ns 


4.5 


500 


500 


500 




IfH 

6.0 

im 

400 


400 


400 
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MC54/74HC174A 


EXPANDED LOGIC DIAGRAM 



SWITCHING WAVEFORMS 


— 

- tpLH tpHL 


IH tTHL - 

Figure 1 . 



r~ Vec ^ 


^no/ 

/ Vcc 

5°V 

GND 


Figure 2. 


;u “M** — th 


Figure 3. 


Vcc 

GND 

Vcc 

GND 


OUTPUT 

DEVICE ' ^ 

UNDER 

TEST -T- 


' Includes all probe and jig capacitance 

Figure 4. Test Circuit 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Hex D Flip-Flop with 
Common Clock and Reset 
with LSTTL Compatible Inputs 

High-Performance Silicon-Gate CMOS 

The MC74HCT174A is identical in pinout to the LS174. This device may 
be used as a level converter for interfacing TTL or NMOS outputs to High 
Speed CMOS inputs. 

This device consists of six D flip-flops with common Clock and Reset 
inputs. Each flip-flop is loaded with a low-to-high transition of the Clock 
input. Reset is asynchronous and active-low. 

• Output Drive Capability; 10 LSTTL Loads 

• TTL NMOS Compatible Input Levels 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 4.5 to 5.5 V 

• Low Input Current: 1 .0 pA 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 178 FETs or 44.5 Equivalent Gates 


LOGIC DIAGRAM 



Design Criteria 

Value 

Units 

Internal Gate Count* 

44.5 

ea. 

Internal Gate Propagation Delay 

“ 1.5 

ns 

Internal Gate Power Dissipation 

0.005 

1 

pW 

Speed Power Product 

0.0075 

pj 


* Equivalent to a two-input NAND gate. 


MC74HCT174A 



PIN ASSIGNMENT 

RESET [ 

1 • 

16 

] vcc 

QO [ 

2 

15 

]Q5 

D0[ 

3 

14 

]D5 

D1[ 

4 

13 

] D4 

Q1 [ 

5 

12 

]Q4 

D2 [ 

6 

11 

] D3 

Q2[ 

7 

10 

]Q3 

GND [ 

8 

9 

] CLOCK 


FUNCTION TABLE 


Inputs 1 

Output 

Reset 

Clock 

D 

Q 

L 

X 

X 

L 

H 

V 

H 

H 

H 

J~ 

L 

L 

H 

L 

X 

No Change 

H 

A_ 

X 

No Change 
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MC74HCT174A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 toVcc + T5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW 

"•stg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP; - 10 mW/°C from 65° to 125°C 

SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjpi and 
Vout should be constrained to the 
range GND < (VjnorVout) Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

4.5 

5.5 

V 

Vin. Vout 

DC Input Voltage, Output Voltage 
(Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tp tf 

Input Rise and Fall Time (Figure 1) 

0 

500 

ns 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25° C 

85°C 

125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 or Vqq -0.1V 

4.5 

2.0 

2.0 

2.0 

V 


Voltage 

••out! — 20 fxA 

5.5 

2.0 

2.0 

2.0 


V|L 

Maximum Low-Level Input 

Vout = 0.1 or Vqq -0.1V 

4.5 

0.8 

0.8 

0.8 

V 


Voltage 

••out! — 20 |iA 

5.5 

0.8 

0.8 

0.8 


VOH 

Minimum High-Level Output 

Vin = V|Hor V|l 

4.5 

4.4 

4.4 

4.4 

V 


Voltage 

••out^ — 20 |iA 

5.5 

5.4 

5.4 

5.4 




Vin = V|Hor Vil 









llouti ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 


VOL 

Maximum Low-Level Output 

Vin = V|Hor Vjl 

4.5 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 20 pA 

5.5 

0.1 

0.1 

0.1 




Vin = V|H orV|L 









llout^ ^ 4.0 mA 

4.5 

0.26 

0.33 

0.4 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GiND 

5.5 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

5.5 

4.0 

40 

160 

pA 


Current (per Package) 

•out = 0 pA 













^•cc 

Additional Quiescent Supply 

Vjp = 2.4 V, Any One Input 


>-55° 

C 

25°Cto125°C 



Current 

Vin = Vcc or GND, Other Inputs 









•out = 0 pA 

5.5 

2.9 



2.4 

mA 


NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HCT174A 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V ± 10 %, Cl = 50 pF, Input V = tf = 6.0 ns) 


Symbol 

Parameter 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

fMAX 

Maximum Clock Frequency (50% Duty Cycle) 

30 

24 

20 

MHz 

tPLH. 

tPHL 

Maximum Propagation Delay, Clock to Q 
(Figures 1 and 4) 

24 

30 

36 

ns 

tPHL 

Maximum Propagation Delay, Reset to Q 
(Figures 2 and 4) 

23 

28 

35 

ns 

tTLH. 

tTHL 

Maximum Output Transition Time, Any Output 
(Figures 1 and 4) 

15 

19 

22 

ns 

Cin 

Maximum Input Capacitance 

10 

10 

10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Enabled Output)* 

79 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VpQ^f + Iqq Vq 0. For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Vcc = 5.0 V ± 10%, Cl = 50 pF, Input V = tf = 6.0 ns) 


Symbol 

Parameter 

Fig. 

Guaranteed Limit 

Unit 

-55 to 25°C 

< 85°C 

< 125°C 

Min 

Max 

Min 

Max 

Min 

Max 

Isu 

Minimum Setup Time, Data to Clock 

. 3 

10 


13 


15 


ns 

th 

Minimum Hold Time, Clock to Data 

3 

5.0 


6.0 


8.0 


ns 

Irec 

Minimum Recovery Time, Reset Inactive to Clock 

2 

5.0 


6.0 


8.0 


ns 

tw 

Minimum Pulse Width, Clock 

1 

15 


19 


22 


ns 

tw 

Minimum Pulse Width, Reset 

2 

15 


19 


22 


ns 

tr.tf 

Maximum Input Rise and Fall Times 

1 


500 


500 


500 

ns 
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MC74HCT174A 


SWITCHING WAVEFORMS 



Figure 3. 



TEST POINT 



* Includes all probe and jig capacitance 


Figure 4. Test Circuit 


EXPANDED LOGIC DIAGRAM 







MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Quad D Flip-Flop with 
Common Clock and Reset 

High-Performance Silicon-Gate CMOS 

The MC54/74HC175 is identical in pinout to the LS175. The device inputs 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

This device consists of four D flip-flops with common Reset and Clock 
inputs, and separate D inputs. Reset (active-low) is asynchronous and 
occurs when a low level is applied to the Reset input. Information at a D input 
is transferred to the corresponding Q output on the next positive going edge 
of the Clock input. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity 1 66 FETs or 41 .5 Equivalent Gates 


LOGIC DIAGRAM 



CLOCK - 

9 


’ DO- 

4 

DATA 

D1 - 

5 

INPUTS ' 

D2- 

12 


. D3. 

13 


RESET- 


2 

- QO 

3 

-QO 

7 


6 

- 

Ul 

- QT 

10 

-02 

11 


15 

- 03 

14 




INVERTING 

AND 

NONINVERTING 

OUTPUTS 


PIN16 = Vcc 
PIN 8 = GND 


MC54/74HC175 



J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 



N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 



D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 


ORDERING INFORMATION 

MC54HCXXXJ Ceramic 
MC74HCXXXN Plastic 
MC74HCXXXD SOIC 


PIN ASSIGNMENT 

RESET [ 

1 • 

16 

]VCC 

Q0[ 

2 

15 

]Q3 

Q0[ 

3 

14 


D0[ 

4 

13 

]D3 

D1 [ 

5 

12 

] D2 


6 

11 

]Q2 

Q1 [ 

7 

10 

]Q2 

GND[ 

8 

9 

] CLOCK 


FUNCTION TABLE 


Inputs 

Outputs 

Reset Clock D 

0 

01 

L X X 

L H 

H V H 

H L 

H V L 

L H 

H L X 

No Change 
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MC54/74HC175 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1.5 to Vcc + l ^ 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packagef. 

500 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out! — 20 |iA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

42 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out^ — 20 |xA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = ViH orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 |iA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l Hout^ ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




lloufl ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H or V|l 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out! — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l Hout^ ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llout^ ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC54/74HC175 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6 ns) 


Symbol 

Parameter 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

fmax 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 


(Figures 1 and 4) 

4.5 

30 

24 

20 




6.0 

35 

28 

24 


tPLH. 

Maximum Propagation Delay, Clock to Q or Q 

2.0 

150 

190 

225 

ns 

tPHL 

(Figures 1 and 4) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tPHL 

Maximum Propagation Delay, Reset to Q or Q 

2.0 

125 

155 

190 

ns 


(Figures 2 and 4) 

4.5 

25 

31 

38 




6.0 

21 

26 

32 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 4) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Qn 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typicai @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Flip-Flop)* 

35 


* Used to determine the no-load dynamic power consumption: Pp = Cpo VQQ2f + |qq Vqq. For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Input tr = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tsu 

Minimum Setup Time, Data to Clock 

2.0 

100 

125 

150 

ns 


(Figure 3) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


th 

Minimum Hold Time, Clock to Data 

2.0 

3 

3 

3 

ns 


(Figure 3) 

4.5 

3 

3 

3 




6.0 

3 

3 

3 


Vec 

Minimum Recovery Time, Reset Inactive to Clock 

2.0 

100 

125 

150 

ns 


(Figure 2) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


tw 

Minimum Pulse Width, Clock 

2.0 

80 

100 

120 

ns 


(Figure 1) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tw 

Minimum Pulse Width, Reset 

2.0 

80 

100 

120 

ns 


(Figure 2) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tptf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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SWITCHING WAVEFORMS 



Figure 3. 


TEST CIRCUIT 


TEST POINT 



* Includes all probe and jig capacitance 

Figure 4. 
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Product Preview 

Quad D Flip-Flop with 
Common Clock and Reset 

High-Performance Silicon-Gate CMOS 

The MC54/74HC175A is identical in pinout to the LS175. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

This device consists of four D flip-flops with common Reset and Clock 
inputs, and separate D inputs. Reset (active-low) is asynchronous and 
occurs when a low level is applied to the Reset input. Information at a D input 
is transferred to the corresponding Q output on the next positive going edge 
of the Clock input. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity 1 66 FETs or 41 .5 Equivalent Gates 


LOGIC DIAGRAM 



QO ' 




Q1 

INVERTING 

Q1 

AND 

Q2 

' NONINVERTING 

02 

OUTPUTS 

03 


03 



MC54/74HC175A 




PIN ASSIGNMENT 

RESET [ 

1 • 

16 

] vcc 

OO [ 

2 

15 

]03 

QOl 

3 

14 

]Q3 

DO [ 

4 

13 

] D3 

D1 [ 

5 

12 

] D2 

QT[ 

6 

11 

] 02 

Q1 [ 

7 

10 

]02 

GND [ 

8 

9 

] CLOCK 


FUNCTION TABLE 


Inputs 

Outputs 

Reset 

Clock 

D 

Q Q 

L 

X 

X 

L H 

H 

J~ 

H 

H L 

H 

J~ 

L 

L H 

H 

L 

X 

No Change 


This document contains information on a product under development. Motorola reserves the right to 
change or discontinue this product without notice. 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5toVcc + l-S 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

hn 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

Icc 

DC Supply Current, Vqc and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC or TSSOP Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND ^ (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6,0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 3.0 V 

0 

600 




Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 


400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out! — 20 |liA 

3.0 

2.1 

2.1 

2.1 





4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

42 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

••out! — 20 pA 

3.0 

0.9 

0.9 

0.9 





4.5 

1.35 

1.35 

1.35 





6.0 

1.80 

1.80 

1.80 


VOH 

Minimum High-Level Output 

Vin = V|H orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

llouti — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l llouti ^ 2.4 mA 

3.0 

2.48 

2.34 

2.20 




••out! ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 



i 

Houtl ^ 6.2 mA 

6.0 

5.48 

5.34 

5.20 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

VOL 

Maximum Low-Level Output 

Vin = ViHorV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

llouti — 20 |iA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = ViHorV|L Houtl^ 2.4 mA 

3.0 

0.26 

0.33 

0.40 




llouti ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llouti ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


lin 

Maximum Input Leakage Current 

Vjn = Vcc 0 *” QND 

6.0 

± 0.1 

± 1.0 

± 1.0 

pA 

icc 

Maximum Quiescent Supply 

Vin = Vcc O'” GND 

6.0 

4 

40 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

fmax 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

10 

9 

8 

MHz 


(Figures 1 and 4) 

3.0 

15 

14 

12 




4.5 

30 

28 

25 




6.0 

50 

45 

40 


tPLH. 

Maximum Propagation Delay, Clock to Q or Q 

2.0 

110 

125 

160 

ns 

tpHL 

(Figures 1 and 4) 

3.0 

36 

45 

60 




4.5 

22 

26 

32 




6.0 

19 

23 

28 


tpHL 

Maximum Propagation Delay, Reset to Q or Q 

2.0 

90 

220 

130 

ns 


(Figures 2 and 4) 

3.0 

40 

55 

70 




4.5 

19 

22 

30 




6.0 

16 

19 

25 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

^THL 

(Figures 1 and 4) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES; 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2 . Information on typical parametric values can be found in Chapter 2. 



CpD 


Power Dissipation Capacitance (Per Flip-Flop)* 


Typical @ 25°C, Vcc = 5.0 V 


35 


pF 


* Used to determine the no-load dynamic power consumption: Pq = Cp 0 VQQ2f + |qq Vqq. For load considerations, see Chapter 2. 
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TIMING REQUIREMENTS (Input V = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tsu 

Minimum Setup Time, Data to Clock 

2.0 

75 

95 

110 

ns 


(Figure 3) 

3.0 

30 

40 

55 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


th 

Minimum Hold Time, Clock to Data 

2.0 

1 

1 

1 

ns 


(Figure 3) 

3.0 

1 

1 

1 




4.5 

1 

1 

1 




6.0 

1 

1 

1 


tree 

Minimum Recovery Time, Reset Inactive to Clock 

2.0 

75 

95 

110 

ns 


(Figure 2) 

3.0 

30 

40 

55 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


tw 

Minimum Pulse Width, Clock 

2.0 

75 

95 

110 

ns 


(Figure 1) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


tw 

Minimum Pulse Width, Reset 

2.0 

75 

95 

110 

ns 


(Figure 2) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


tptf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

3.0 

800 

800 

800 




4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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SWITCHING WAVEFORMS 



TEST CIRCUIT 

TEST POINT 



* Includes all probe and jig capacitance 

Figure 4. 
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4-Bit Bidirectional 
Universal Shift Register 

High-Performance Silicon-Gate CMOS 

The MC74HC194 is identical in pinout to the LS194 and the MC14194B 
metal gate CMOS device. The device inputs are compatible with standard 
CMOS outputs; with pull-up resistors, they are compatible with LSTTL 
outputs. 

This static shift register features parallel load, serial load (shift right and 
shift left), hold, and reset modes of operation. These modes are tabulated in 
the Function Table, and further explanation can be found in the Pin 
Description section. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity 164 FETs or 41 Equivalent Gates 


LOGIC DIAGRAM 



MC74HC194 



N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 


ORDERING INFORMATION 

MC74HCXXXN Plastic 


PIN ASSIGNMENT 


RESET [ U 

Sa[ 2 

A[ 3 
B[ 4 
C[ 5 
D[ 6 
SdE 7 
GND[ 8 


16 ] Vcc 
15 ]Qa 
14 ] Qb 
13 ]Qc 
12 ]Qd 
11 ] CLOCK 
10 ] SI 
9 ] SO 



FUNCTION TABLE 


Inputs 

Outputs 

Operating 

Mode 

Reset 

Mode 

Select 

Clock 

Serial 

Data 

Parallel Data 

S1 

SO 

Sd 

Sa 

A 

B 

c 

D 

Qa 

Qb 

Qc 

Qd 

L 

X 

X 

X 

X 

X 

X 

X 

X 

X 

L 

L 

L 

L 

Reset 

H 

H 

H 

J~ 

X 

X 

a 

b 

c 

d 

a 

b 

c 

d 

Parallel Load 

H 

L 

H 

J- 

X 

H 

X 

X 

X 

X 

H 

QAn 

QBn 

QCn 

Qhift Rinht 

H 

L 

H 

J- 

X 

L 

X 

X 

X 

X 

L 

QAn 

QBn 

QCn 

oi nil niyi 11 

H 

H 

L 

J- 

H 

X 

X 

X 

X 

X 

QBn 

QCn 

QOn 

H 

qhift 1 pft 

H 

H 

L 

J~ 

L 

X 

X 

X 

X 

X 

QBn 

QCn 

QOn 

L 

OI 111 l L.C/11 

H 

L 

L 

X 

X 

X 

X 

X 

X 

X 


No Change 


Hold 

H 

X 

X 

L 

X 

X 

X 

X 

X 

X 


No Change 



H 

X 

X 

H 

X 

X 

X 

X 

X 

X 


No Change 




H = high level (steady state) 

L = low level (steady state) 

X = don’t care 

-/■ = transition from low to high level. 


a, b, c, d = the level of steady-state input at inputs A, B, C, or D, respectively. 
QAn. QBn> QCn> QOn = ^be level of Qa, Qb> Qc> o'" Qd> respectively, before 
the most recent transition of the clock. 


10/95 



MOTOROLA 


© Motorola, Inc. 1995 


3-269 


REV 6 






MC74HC194 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vcc + 1-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

lout 

DC Output Current, per Pin 

±25 

mA 

icc 

DC Supply Current, Vqc ^md GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DIPt 

750 

mW 

^stg 

Storage Temperature 

- 65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 

(Plastic DIP) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP; - 10 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vj^ and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


3 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

VlH 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

llouti — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

llouti — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|H orViL 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

llouti — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l Houtl ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llouti — 5-2 niA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orViL 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

llouti — 20 pA 

4.5 

0.1 

0.1, 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l Houtl ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llouti ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


lin 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

Icc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

lout = 0 tiA 







NOTE: Information on typical parametric values can be found in Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 


(Figures 1 and 4) 

4.5 

30 

24 

20 




6.0 

35 

28 

24 


tpLH. 

Maximum Propagation Delay, Clock to Q 

2.0 

145 

180 

220 

ns 

tPHL 

(Figures 1 and 4) 

4.5 

29 

36 

44 




6.0 

25 

31 

38 


tPHL 

Maximum Propagation Delay, Reset to Q 

2.0 

150 

190 

225 

ns 


(Figures 2 and 4) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tTLH- . 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 4) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


^in 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Package)* 

90 


* Used to determine the no-load dynamic power consumption: Pq = Cpp VQc^f + Icc ^CC- considerations, see Chapter 2. 


TIMING REQUIREMENTS (Input V = tf = 6 ns) 


Symbol 

Parameter 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85° C 

< 125°C 

tsu 

Minimum Setup Time, Parallel Data Inputs to Clock 

2.0 

100 

125 

150 

ns 


(Figure 3) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


tsu 

Minimum Setup Time, SI or S2 to Clock 

2.0 

100 

125 

150 

ns 


(Figure 3) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


tsu 

Minimum Setup Time, Sa or Sq to Clock 

2.0 

100 

125 

150 

ns 


(Figure 3) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


th 

Minimum Hold Time, Clock to any Input (except Reset) 

2.0 

3 

3 

3 

ns 


(Figure 3) 

4.5 

3 

3 

3 




6.0 

3 

3 

3 


tree 

Minimum Recovery Time, Reset Inactive to Clock 

2.0 

5 

5 

5 

ns 


(Figure 2) 

4.5 

5 

5 

5 




6.0 

5 

5 

5 


tw 

Minimum Pulse Width, Clock 

2.0 

80 

100 

120 

ns 


(Figure 1) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tw 

Minimum Pulse Width, Reset 

2.0 

80 

100 

120 

ns 


(Figure 2) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tp tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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PIN DESCRIPTIONS 


DATA INPUTS 

A, B, C, D (Pins 3, 4, 5, 6) 

Parallel data inputs. 

SA(Pin 2) 

Serial-data input when using shift-right mode. 

Sd (Pin 7) 

Serial-data input when using shift-left mode. 

OUTPUTS 

Qa. Qb, Oc, Qd (Pins 15, 14, 13, 12) 

Parallel data outputs. 

CONTROL INPUTS 
Clock (Pin 11) 

Clock Input. The shift register is completely static, allowing 
Clock rates down to DC in a continuous or intermittent mode. 


Reset (Pin 1) 

A low level applied to this pin resets all stages and forces 
all outputs low. 

SO, SI (Pins 9,10) 

Mode-select inputs. These inputs control the mode of op- 
eration as described in the function table and below. 

Parallel Load Mode (SI 80 = H) 

Data Is loaded into the device with a positive transition of 
the Clock input. 

Shift Right Mode (S1 = L, SO = H) 

With a positive transition of the Clock input, each bit is 
shifted right (in the direction Qa toward Qp) one stage and 
data on the Sa Serial Data Input is shifted into stage A. 

Shift Left Mode (S1 = H, SO = L) 

With a positive transition of the Clock input, each bit is 
shifted left (in the direction Qp toward Qa) one stage and 
data on the Sq Serial Data Input is shifted Into stage D. 

Hold Mode (SI = L, SO = L) 

Outputs are held. 



SWITCHING WAVEFORMS 



Figure 1. 



DATA OR MODE 


- VALID - 




X 


CLOCK 




Vcc 

GND 

Vcc 

GND 


Figure 3. 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T" 




* Includes all probe and jig capacitance 

Figure 4. Test Circuit 
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TIMING DIAGRAM 
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4-Bit Universal Shift Register 

High-Performance Silicon-Gate CMOS 

The MC74HC1 95 is identical in pinout to the LS1 95. The device inputs are 
compatible with standard CMOS outputs, with pull up resistors, they are 
compatible with LSTTL outputs. 

This static shift register features parallel load, serial load (shift right), hold, 
and reset modes of operation. These modes are tabulated in the Function 
Table, and further explanation can be found in the Pin Description section. 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 150 FETs or 37.5 Equivalent Gates 


LOGIC DIAGRAM 



MC74HC195 


N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 

ORDERING INFORMATION 

MC74HCXXXN Plastic 



PIN ASSIGNMENT 


RESET [ 

J[ 2 
K[ 3 
A[ 4 
B[ 5 
C[ 6 
D[ 7 
GND[ 8 


] vcc 
]Qa 
] Qb 
] Qc 
]Qd 
] Qd 

] CLOCK 

•] SERIAL SHIFT/ 
PARALLEL LOAD 



FUNCTION TABLE 


Inputs 

Outputs 

Operating Mode 

Reset 

Shift/ 

Load 

Clock 

Serial 

Parallel 

J 

K 

A 

B 

c 

D 

Qa 

Qb 

Qc 

Qd 

Qd 

L 

X 

X 

X 

X 

X 

X 

X 

X 

L 

L 

L 

L 

H 

Reset 

H 

L 

V 

X 

X 

a 

b 

c 

d 

a 

b 

c 

d 

d 

Parallel Load 

H 

H 

L 

X 

X 

X 

X 

X 

X 

No Change 

Hold 

H 

H 

V" 

L 

H 

X 

X 

X 

X 

Qao 

Qao 

QBn 

QCn 

QCn 

Retain First Stage 

Serial 

H 

H 

y 

L 

L 

X 

X 

X 

X 

L 

Qad 

QBn 

QCn 

QCn 

Reset First Stage 

Shift 

H 

H 

J- 

H 

H 

X 

X 

X 

X 

H 

QAn 

QBn 

QCn 

QCn 

Set First Stage 


H 

H 

J~ 

H 

L 

X 

X 

X 

X 

Qah 

QAn 

QBn 

QCn 

QCn 

Toggle First Stage 



H = high level (steady state) 

L = low level (steady state) 

X = don’t care 

-f = transition from low to high level, 
a, b, c, d = the level of steady-state input at inputs 
A, B, C, or D, respectively. 


Qao = the level of Qa before the indicated steady-state 
input conditions were established. 

QAn- Qen- Qcn = the level of Qa, Qb. or Qc. 
respectively, before the most recent J~ transition 
of the clock. 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vcc + ■'•5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

'in 

DC Input Current, per Pin 

±20 

mA 

'out 

DC Output Current, per Pin 

±25 

mA 

'cc 

DC Supply Current, Vqc and GND Pins 

±50 

mA 

pd 

Power Dissipation in Still Air Plastic DlPf 

750 

mW 

Tstg 

Storage Temperature 

-65 to -I- 150 

°C 

tl 

Lead Temperature, 1 mm from Case for 10 Seconds 

(Plastic DIP) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND ^ (ViporVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

"out' — 20 pA 

4.5 

3.15 

3., 15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vniit = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

"out' — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|H orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

"out' — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = ViH or Vil Hout' ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




"out' ^ 6.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

llout' ^ 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




V|n = V|H or V|l Hout' ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llout' ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


'in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

'cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

'out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 


Symbol 

Parameter 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 


(Figures 1 and 5) 

4.5 

30 

24 

20 




6.0 

35 

28 

24 


tPLH. 

Maximum Propagation Delay, Clock to any Q or Qp 

2.0 

145 

180 

220 

ns 

tPHL 

(Figures 1 and 5) 

4.5 

29 

36 

44 




6.0 

25 

31 

38 


tPLH- 

Maximum Propagation Delay, Reset to any Q or Qp 

2.0 

150 

190 

225 

ns 

tPHL 

(Figures 2 and 5) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 5) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


^in 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Mqc = 5.0 V 

CPD 

Power Dissipation Capacitance (Per Package)* 

95 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VpQ^f + |qq Vqq. For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Input ^ = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

tsu 

Minimum Setup Time, A, B, C, D, J, or K to Clock 

2.0 

100 

125 

150 

ns 


(Figure 3) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


^su 

Minimum Setup Time, Serial Shift/Parallel Load to Clock 

2.0 

100 

125 

150 

ns 


(Figure 4) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


th 

Minimum Hold Time, Clock to A, B, C, D, J, or K 

2.0 

3 

3 

3 

ns 


(Figure 3) 

4.5 

3 

3 

3 




6.0 

3 

3 

3 


th 

Minimum Hold Time, Clock to Serial Shift/Parallel Load 

2.0 

3 

3 

3 

ns 


(Figure 4) 

4.5 

3 

3 

3 




6.0 

3 

3 

3 


Vec 

Minimum Recovery Time, Reset Inactive to Clock 

2.0 

5 

5 

5 

ns 


(Figure 2) 

4.5 

5 

5 

5 




6.0 

5 

5 

5 


tw 

Minimum Pulse Width, Clock 

2.0 

80 

100 

120 

ns 


(Figure 1) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tw 

Minimum Pulse Width, Reset 

2.0 

80 

100 

120 

ns 


(Figure 2) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tptf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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PIN DESCRIPTION 


DATA INPUTS 

A, B, C, D (Pins 4, 5, 6, 7) 

Parallel data inputs. 

OUTPUTS 

Qa, Qb> Qc. Qd. Qd (Pins 15, 14, 13, 12, 11) 

Parallel data outputs. 

CONTROL INPUTS 
Clock (Pin 10) 

Clock input. The shift register is completely static, allowing 
Clock rates down to DC in a continuous or intermittent mode. 

Serial Shift/Parallel Load (Pin 9) 

Shift or load control. A low level applied to this pin allows 
data to be loaded from the parallel Inputs. Data is loaded with 
the positive transition of the Clock input. A high level allows 
data to be shifted In the manner dictated by the J and K con- 
trol inputs. 

Reset (Pin 1) 

A low level applied to this pin resets all stages and forces 
all outputs low. 


J, K (Pins 2, 3) 

Shift Control. With Serial Shift/Parallel Load high, J and K 
control the mode of operation, as illustrated in the Function 
Table. 

J = L,K=H 

With a positive transition of the Clock input, each bit is 
shifted to the right (in the direction Qa toward Qq) one stage 
and stage A maintains Its previous state. 

J = H,K=L 

With a positive transition of the Clock input, each bit is 
shifted right (in the direction of Qa toward Qq) one stage and 
the Qa output is Inverted. 

J = K=L 

With a positive transition of the Clock input, each bit is 
shifted right (in the direction Qa toward Qq) one stage and a 
low is loaded into stage A. 

J=K=H 

With a positive transition of the Clock input, each bit is 
shifted right (In the direction Qa toward Qp) one stage and a 
high is loaded into stage A. 



SWITCHING WAVEFORMS 




Figure 2. 


INPUT. 
A, B.C, 
D, J, OR K - 


- VALID - 




3 ( 


CLOCK 


^^ 50 % 


^ Vcc 

SERIAL SHIFT ■ 

^ GMD 

PARALLEL LOAD 

Vcc 

CLOCK 

GND 



- VALID - 




X 




-vcc 

-GND 

-Vcc 

-GND 


Figure 3. 


Figure 4. 


MOTOROLA 


3-278 


High-Speed CMOS Logic Data 
DL129 — Rev6 



MC74HC195 


TEST CIRCUIT 


TEST POINT 



* Includes all probe and jig capacitance 

Figure 5. 


TIMING DIAGRAM 


CLOCK 

RESET 

SERIAL DATaJ 

inputs! 

SERIAL SHIFT/ 
PARALLEL LOAD ^ 

PARALLEL 

DATA' 

INPUTS 


PARALLEL DATA 
OUTPUTS 



RESET 


LOAD 
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1 -of-8 Decoder/Demultiplexer 
with Address Latch 

High-Performance Silicon-Gate CMOS 

The MC74HC237 is identical in pinout to the LS137, but has noninverting 
outputs. The device inputs are compatible with standard CMOS outputs; with 
pullup resistors, they are compatible with LSTTL outputs. 

The HC237 decodes a three-bit Address to one-of-eight active-high 
outputs. The device has a transparent latch for storage of the Address. Two 
Chip Selects, one active-low and one active-high, are provided to facilitate 
the demultiplexing, cascading, and chip-selecting functions. 

The demultiplexing function is accomplished by using the Address inputs 
to select the desired device output, and then by using one of the Chip 
Selects as a data input while holding the other one active. 

The HC237 is the noninverting version of the HC137. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No 7A 

• Chip Complexity: 156 FETs or 39 Equivalent Gates 

LOGIC DIAGRAM 


AO- 


ADDRESS I 
INPUTS! 


A2- 


[TRANSPARENTl 
LATCH 


LATCH 

ENABLE 


1-0F-8 

DECODER 


CS1- 


CHIP- f , 

select] . 

INPUTS I CS2 — ^ 


15 

14 

13 

12 

11 

10 

9 

7 


ACTIVE- 

HIGH 

OUTPUTS 


MC74HC237 



16 ^ 


N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 


D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 


ORDERING INFORMATION 

MC74HCXXXN Plastic 

MC74HCXXXD SOIC 


PIN ASSIGNMENT 



FUNCTION TABLE 


PIN16 = Vcc 
PIN8 = GND 


Inputs 

Outputs 1 

LE 

CS1 

CS2 

A2 

A1 

AO 

-< 

o 

Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

X 

X 

H 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

X 

L 

X 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

L 

H 

L 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

H 

L 

H 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 

H 

L 

L 

L 

H 

L 

L 

L 

L 

L 

L 

H 

L 

L 

H 

H 

L 

L 

L 

H 

L 

L 

L 

L 

L 

H 

L 

H 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

L 

H 

L 

H 

L 

H 

L 

L 

L 

L 

L 

H 

L 

L 

L 

H 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 

H 

L 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

L 

X 

IT 

X 

1 


* = Depends upon the Address previously applied while LE was 
at a low level. 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

-0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vcc + L5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPt 

SOIC Packaget 

750 

500 

mW 

Tstg 

Storage Temperature 

-65to+ 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 1 0 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 2) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND ^ (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
^ level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

"out' ^ 20 fiA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

"out' — 20 |iA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1 2 


VOH 

Minimum High-Level Output 

Vin = ViH orViL 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

llout' ^ 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or VjL "out' ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llout' ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|HorViL 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

llout' ^ 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = VlH or V|l IIquiI ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




"out' — 5.2 mA 

6.0 

0.26 

0.33 

0.40 


lin 

Maximum Input Leakage Current 

Vin = Vqq or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

'cc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

'out = 0 pA 







NOTE: Information on typical parametric values can be found In Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input ^ = tf = 6 ns) 





Guaranteed Limit 




Vcc 

-55 to 




Symbol 

Parameter 

V 

25° C 

< 85°C 

< 125°C 

Unit 

tpLH 

Maximum Propagation Delay, Input A to Output Y 

2.0 

235 

295 

355 

ns 


(Figures 1 and 6) 

4.5 

47 

59 

71 




6.0 

40 

50 

60 


tPHL 


2.0 

185 

230 

280 




4.5 

37 

46 

56 




6.0 

31 

39 

48 


tPLH 

Maximum Propagation Delay, CS2 to Output Y 

2.0 

200 

250 

300 

ns 


(Figures 2 and 6) 

4.5 

40 

50 

60 




6.0 

34 

43 

51 


tPHL 


2.0 

145 

180 

220 




4.5 

29 

36 

44 




6.0 

25 

31 

38 


tpLH 

Maximum Propagation Delay, CS1 to Output Y 

2.0 

200 

250 

300 

ns 


(Figures 3 and 6) 

4.5 

40 

50 

60 




6.0 

34 

43 

51 


tPHL 


2.0 

160 

200 

240 




4.5 

32 

40 

48 




6.0 

27 

34 

41 


tPLH 

Maximum Propagation Delay, Latch Enable to Output Y 

2.0 

250 

315 

375 

ns 


(Figures 4 and 6) 

4.5 

50 

63 

75 




6.0 

43 

54 

64 


tPHL 


2.0 

190 

240 

285 




4.5 

38 

48 

57 




6.0 

32 

41 

48 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 2 and 6) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Qn 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 
2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Package)* 

100 


* Used to determine the no-load dynamic power consumption: Pq = Cpo Vcc^f + Icc ^CC- Fo*" considerations, see Chapter 2. 



TIMING REQUIREMENTS (Input tr = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

^su 

Minimum Setup Time, Input A to Latch Enable 

2.0 

100 

125 

150 

ns 


(Figure 5) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


th 

Minimum Hold Time, Latch Enable to Input A 

2.0 

50 

65 

75 

ns 


(Figure 5) 

4.5 

10 

13 

15 




6.0 

9 

11 

13 


tw 

Minimum Pulse Width, Latch Enable 

2.0 

80 

100 

120 

ns 


(Figure 4) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tptf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 2) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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PIN DESCRIPTIONS 


ADDRESS INPUTS 
AO, A1, A2 (Pins 1,2, 3) 

Address inputs. These inputs, when the chip is enabled, 
determine which of the eight outputs is selected. 

CONTROL INPUTS 

CS1,CS2 (Pins 6, 5) 

Chip select inputs. For CS1 at a high level and CS2 at a 
low level, the chip is enabled and the outputs follow the data 
inputs (Latch Enable = L). For any other combination of CS1 
and CS2, the outputs are at a low level. 


Latch Enable (Pin 4) 

Latch Enable input. A high level at this input latches the 
Address. A low level at this input allows the outputs to follow 
the Address (CS1 = H and CS2 = L). 

OUTPUTS 

Y0-Y7 (Pins 15, 14, 13, 12, 11, 10, 9, 7) 

Active-high outputs. One of these eight outputs is selected 
when the chip is enabled (CS1 = H and CS2 = L) and the 
Address inputs correspond to that particular output. The 
selected output is at a high level while all others remain at a 
low level. 


SWITCHING WAVEFORMS 



INPUT A 
tPLH- 
OUTPUTY 


- VALID- 


■ VALID- 




-Vcc 

-GND 




-tPHL 


Figure 1. 




LATCH 

ENABLE 


K 


50% 


7 


Vcc 

GND 


-tPLH 


-IPHL 


OUTPUT Y 




Figure 3. 


INPUT A 


■ VALID - 




)C 


LATCH ENABLE 




'Vcc 

-GND 

-Vcc 

-GND 


Figure 5. 


Figure 4. 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

"T" 


-± 


* Includes all probe and jig capacitance 

Figure 6. Test Circuit 
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EXPANDED LOGIC DIAGRAM 
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SEMICONDUCTOR TECHNICAL DATA 


Octal 3-State Inverting Buffer/ 
Line Driver/Line Receiver 

High-Performance Silicon-Gate CMOS 

The MC54/74HC240A is identical in pinout to the LS240. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

This octal noninverting buffer/line driver/line receiver is designed to be 
used with 3-state memory address drivers, clock drivers, and other 
sub-oriented systems. The device has inverting outputs and two active-low 
output enables. 

The HC240A is similar in function to the HC241A and HC244A. 

• Output Drive Capability: 1 5 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 120 FETs or 30 Equivalent Gates 



LOGIC DIAGRAM 


DATA 

INPUTS 


A2- 


A3- 


A4- 


B2- 


B3- 


B4- 


2 

4 


18 

16 

6 


14 

8 

“FL 

12 

11 

n 

1 


13 


^>0 ^ 

15 



17 


^ ^ 


OUTPUTl ENABLE A 
ENABLES] ENABLES- 




4 


YA1 

YA2 

YA3 

YA4 

YB1 

YB2 

YB3 

YB4 


PIN20 = Vcc 
PIN10 = GND 


INVERTING 

OUTPUTS 


MC54/74HC240A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 732-03 



1 


N SUFFIX 

PLASTIC PACKAGE 
CASE 738-03 


DW SUFFIX 

SOIC PACKAGE 
CASE 751D-04 

DT SUFFIX 

TSSOP PACKAGE 
CASE 948E-02 


ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 

MC74HCXXXAN Plastic 

MC74HCXXXADW SOIC 
MC74HCXXXADT TSSOP 


PIN ASSIGNMENT 


ENABLE A 
A1 
YB4 
A2 
YB3 
A3 
YB2 
A4 
YB1 
GND 


] vcc 

] ENABLE B 
YA1 
B4 
YA2 
B3 
YA3 
B2 
YA4 
B1 


1« 

20 

2 

19 

3 

18 

4 

17 

5 

16 

6 

15 

7 

14 

8 

13 

9 

12 

10 

11 


FUNCTION TABLE 


Inputs 

Outputs 

Enable A, 
Enable B 

A, B 

YA, YB 

L 

L 

H 

L 

H 

L 

H 

X 

Z 


Z = high impedance 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vcc + 1-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±35 

mA 

•cc 

DC Supply Current, Vcc P'f^s 

±75 

mA 

pd 

Power Dissipation in Still Air, Plastic or Ceramic DIPt 

750 

mW 


SOIC Packagef 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC or TSSOP Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
fDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin- Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

.0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr-tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 







Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0-1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out! — 20 |iA 

-4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


VlL 

Maximum Low-Level Input 

Vout = Vcc -0.1V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

••out^ — 20 |iA 

4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


VOH 

Minimum High-Level Output 

_i 

> 

II 

c 

> 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|L lloutl — 6.0 mA 

4.5 

3.98 

3.84 

3.70 




••out^ — "^-6 i^A 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••oud — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = ViH ••out^ ^ 6.0 mA 

4.5 

0.26 

0.33 

0.40 




••out^ — ^-6 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 
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MC54/74HC240A 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85"C 

< 125°C 

'oz 

Maximum Three-State 

Leakage Current 

Output in High-Impedance State 
Vin = V|Lor Vih 

Vout = Vcc or GND 

6.0 

+ 0.5 

±5.0 

±10 

pA 

•cc 

Maximum Quiescent Supply 
Current (per Package) 

Vin = Vcc or GND 
lout = 0 pA 

6.0 

4 

40 

160 

pA 


NOTE: Information on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 





Guaranteed Limit 




Vcc 

-55 to 




Symbol 

Parameter 

V 

25°C 

< 85°C 

< 125°C 

Unit 

tPLH. 

Maximum Propagation Delay, A to YA or B to YB 

2.0 

80 

100 

120 


tPHL 

(Figures 1 and 3) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tPLZ. 

Maximum Propagation Delay, Output Enable to YA or YB 

2.0 

110 

140 

165 


tPHZ 

(Figures 2 and 4) 

4.5 

22 

28 

33 




6.0 

19 

24 

28 


tpZL. 

Maximum Propagation Delay, Output Enable to YA or YB 

2.0 

110 

140 

165 


tPZH 

(Figures 2 and 4) 

4.5 

22 

28 

33 




6.0 

19 

24 

28 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures 1 and 3) 

4.5 

12 

15 

18 




6.0 

10 

13 

15 


Din 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 

Dout 

Maximum Three-State Output Capacitance (Output in 
High-Impedance State) 

— 

15 

15 

15 

pF 


NOTE; For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 



CpD 


Power Dissipation Capacitance (Per Transceiver Channel)* 


Typical @ 25°C, Vcc = 5.0 V 


32 


pF 


* Used to determine the no-load dynamic power consumption; Pq = CpQ VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 
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SWITCHING WAVEFORMS 



Figure 1. 



Vcc 

GND 

HIGH 

IMPEDANCE 

VOL 

Vqh 

HIGH 

IMPEDANCE 


TEST POINT 


TEST POINT 



c 



c 



OUTPUT 



OUTPUT 

1 ka 

1 AAA. 

DEVICE 



DEVICE 



UNDER 

TEST 

= 

“Cl* 

UNDER 

TEST 

I 

ZCl* 


- 

r 


- 

I* 


CONNECT TO Vcc WHEN 
TESTING tpLzAND tpzL 
CONNECT TO GND WHEN 
TESTING tpHZANDtpzH- 


* Includes all probe and jig capacitance 

Figure 3. Test Circuit 


* Includes all probe and jig capacitance 

Figure 4. Test Circuit 



PIN DESCRIPTIONS 


INPUTS 

A1, A2, A3, A4, B1, B2, B3, B4 
(Pins 2, 4, 6, 8,11,13,15,17) 

Data input pins. Data on these pins appear in inverted form 
on the corresponding Y outputs, when the outputs are 
enabled. 

CONTROLS 

Enable A, Enable B (Pins 1,19) 

Output enables (active-low). When a low level is applied 


to these pins, the outputs are enabled and the devices func- 
tion as inverters. When a high level is applied, the outputs 
assume the high-impedance state. 

OUTPUTS 

YA1, YA2, YA3, YA4, YB1, YB2, YB3, YB4 
(PinsIS, 16, 14, 12, 9, 7, 5, 3) 

Device outputs. Depending upon the state of the output- 
enable pins, these outputs are either inverting outputs or 
high-impedance outputs. 
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LOGIC DETAIL 


TO THREE OTHER 
A ORB INVERTERS 



3 


MOTOROLA 


a-290 


High-Speed CMOS Logic Data 
DL129 — Rev6 




MOTOROLA 
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Octal S-State Inverting Buffer/ 
Line Driver/Line Receiver with 
LSTTL-Compatible Inputs 

High-Performance Silicon-Gate CMOS 

The MC74HCT240A is identical in pinout to the LS240. This device may 
be used as a level converter for Interfacing TTL or NMOS outputs to 
High-Speed CMOS inputs. The HCT240A is an octal Inverting buffer line 
driver line receiver designed to be used with 3-state memory address 
drivers, clock drivers, and other bus-oriented systems. The device has 
inverting outputs and two active-low output enables. 

The HCT240A Is the inverting version of the HCT244. See also HCT241 . 

• Output Drive Capability: 15 LSTTL Loads 

• TTL NMOS-Compatible Input Levels 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 4.5 to 5.5 V 

• Low Input Current: 1 pA 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 1 1 0 FETs or 27.5 Equivalent Gates 


LOGIC DIAGRAM 



INVERTING 

OUTPUTS 


MC74HCT240A 



1 


20 ^^ 

1 



1 


N SUFFIX 

PLASTIC PACKAGE 
CASE 738-03 


DW SUFFIX 

SOIC PACKAGE 
CASE 751 D-04 


SD SUFFIX 

SSOP PACKAGE 
CASE 940C-03 


DT SUFFIX 

TSSOP PACKAGE 
CASE 948E-02 


ORDERING INFORMATION 

MC74HCTXXXAN Plastic 
MC74HCTXXXADW SOIC 
MC74HCTXXXASD SSOP 
MC74HCTXXXADT TSSOP 


PIN ASSIGNMENT 


ENABLE A 
A1 
YB4 
A2 
YB3 
A3 
YB2 
A4 
YB1 
GND 


Vcc 

ENABLE B 

YA1 

B4 

YA2 

B3 

YA3 

B2 

YA4 

B1 


[ 1* 

20 ] 

[ 2 

19 ] 

[ 3 

18 ] 

[ 4 

17 ] 

C 5 

16 ] 

[ 6 

15 ] 

C 7 

14 ] 

[ 8 

13 ] 

[ 9 

12 ] 

[ 10 

11 ] 


FUNCTION TABLE 


Inputs 

Outputs 

Enable A, 
Enable B 

A, B 

YA, YB 

L 

L 

H 

L 

H 

L 

H 

X 

Z 


Z = High Impedance 
X = Don’t Care 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vcc + 1-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±35 

mA 

•cc 

DC Supply Current, Vcc GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

750 

mW 


SOIC Packaget 

500 



TSSOP or SSOP Packaget 

450 


Tstg 

Storage Temperature 

- 65 to -f 150 

°C 

tl 

Lead Temperature, 1 mm from Case for 1 0 Seconds 


°C 


(Plastic DIP, SOIC, TSSOP or SSOP Package) 

260 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP or SSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnOrVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

4.5 

5.5 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

V. tf 

Input Rise and Fall Time (Figure 1) 

0 

500 

ns 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

4.5 

2 

2 

2 

V 


Voltage 

llout^ ^ 20 pA 

5.5 

2 

2 

2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

4.5 

0.8 

0.8 

0.8 

V 


Voltage 

llout^ ^ 20 pA 

5.5 

0.8 

0.8 

0.8 


VOH 

Minimum High-Level Output 

Vin = V|H orV|L 

4.5 

4.4 

4.4 

44 

V 


Voltage 

••out! — 20 pA 

5.5 

5.4 

5.4 

5.4 




Vin = V|H orV||_ 
llouti ^ 6 mA 

4.5 

3.98 

3.84 

3.7 


VqL 

Maximum Low-Level Output 

Vin = V|H orV|L 

4.5 

0.1 

0.1 

0.1 

V 


Voltage 

••out! — 20 pA 

5.5 

0.1 

0.1 

0.1 




Vin = V|HorViL 
llouti — ® 

4.5 

0.26 

0.33 

0.4 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

5.5 

±0.1 

±1.0 

±1.0 

pA 

•oz 

Maximum Three State 

Output in High-Impedance State 

5.5 

±0.5 

±5.0 

±10 

pA 


Leakage Current 

Vin = V|LorV|H 

Vout = Vcc or GND 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

>CC 

Maximum Quiescent Supply 
Current (per Package) 

Vjn = Vcc O'" GND 
•out = 0 |iA 

5.5 

4 

40 

160 

\iA 


>-55°C 

25°Cto 125°C 

2.9 

2.4 


Alee 


Additional Quiescent Supply 
Current 


Vjn = 2.4 V, Any One Input 
Vin = Vcc Of GND, Other Inputs 
lout = 0 I^A 


5.5 


mA 


NOTES: 


1. Information on typical parametric values along with frequency or heavy load considerations can be found in Chapter 2. 

2. Total Supply Current = Iqc + 2:a1cc- 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V ±10%, Cl = 50 pF, Input tp = tf = 6 ns) 


Symbol 

Parameter 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

tPHL 

Maximum Propagation Delay, A to YA or B to YB 
(Figures 1 and 3) 

20 

25 

30 

ns 

tPLZ> 

tPHZ 

Maximum Propagation Delay, Output Enable to YA or YB 
(Figures 2 and 4) 

28 

35 

42 

ns 

tpZL. 

tpZH 

Maximum Propagation Delay, Output Enable to YA or YB 
(Figures 2 and 4) 

25 


38 


tTLH. 

tTHL 

Maximum Output Transition Time, Any Output 
(Figures 1 and 3) 

12 

15 



Cin 

Maximum Input Capacitance 

10 

10 

10 

pF 

Gout 

Maximum Three-State Output Capacitance (Output in High-Impedance 
State) 

15 

15 

15 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 





Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Enabled Output)* 

55 


* Used to determine the no-load dynamic power consumption; Pq = CpQ Vec^f + ^CC ^CC- considerations, see Chapter 2. 
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SWITCHING WAVEFORMS 




3V 

GND 

HIGH 

IMPEDANCE 

VOL 

Vqh 

HIGH 

IMPEDANCE 


Figure 1. 


Figure 2. 



TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

"T 




* Includes all probe and jig capacitance 


TEST POINT 


DEVICE 

C 

OUTPUT 

5 

1 kQ 

'connect TO Vcc WHEN 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Octal 3-State Noninverting 
Buffer/Line Driver/ 

Line Receiver 

High-Performance Silicon-Gate CMOS 

The MC54/74HC241A is identical in pinout to the LS241. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

This octal noninverting buffer/line driver/line receiver is designed to be 
used with 3-state memory address drivers, clock drivers, and other 
sub-oriented systems. The device has noninverted outputs and two output 
enables. Enable A is active-low and Enable B is active-high. 

The HC241A is similar in function to the HC244A and HC240A. 

• Output Drive Capability: 15 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 134 FETs or 33.5 Equivalent Gates 


LOGIC DIAGRAM 



MC54/74HC241A 



1 


20 *^^ 


J SUFFIX 

CERAMIC PACKAGE 
CASE 732-03 


N SUFFIX 

PLASTIC PACKAGE 
CASE 738-03 


DW SUFFIX 

SOIC PACKAGE 
CASE 751D-04 


ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 

MC74HCXXXAN Plastic 

MC74HCXXXADW SOIC 


PIN ASSIGNMENT 


ENABLE A 
A1 
YB4 
A2 
YB3 
A3 
YB2 
A4 
YB1 
GND 


vcc 

ENABLE B 
YA1 
B4 , 

YA2 

B3 

YA3 

B2 

YA4 

B1 



20 

2 

19 

3 

18 

4 

17 

5 

16 

6 

15 

7 

14 

8 

13 

9 

12 

10 

11 


FUNCTION TABLE 


Inputs 

Output 

Inputs 

Output 

Enable 

A 

A 

YA 

Enable 

B 

B 

YB 

L 

L 

L 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

X 

Z 

L 

X 

Z 


Z = high impedance 
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MC54/74HC241A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vcc + 1-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

'in 

DC Input Current, per Pin 

±20 

mA 

'out 

DC Output Current, per Pin 

±35 

mA 

>CC 

DC Supply Current, Vqc GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 


Tstg 

Storage Temperature 

-65 to -H 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 1 0 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vj^ and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

VlH 

Minimum High-Level Input 

Vout = Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

"out' — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

"out' — 20 pA 

4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


VOH 

Minimum High-Level Output 

Vin = V|H 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

"out' — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H "out' ^ 6.0 mA 

4.5 

3.98 

3.84 

3.70 




"out' — ^'6 ftiA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

_i 

> 

II 

c 

> 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

"out' — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 


1 


Vin = V|L "out' — 6.0 mA 

4.5 

0.26 

0.33 

0.40 




"out' — T.8 mA 

6.0 

0.26 

0.33 

0.40 


'in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

>OZ 

Maximum Three-State 

Leakage Current 

Output in High-Impedance State 
Vin = ViLor V|h 

Vout = Vcc or GND 

6.0 

±0.5 

±5.0 

±10 

pA 

'cc 

Maximum Quiescent Supply 
Current (per Package) 

Vin = VcC or GND 
•out = 0 pA 

6.0 

4 

40 

160 

pA 


NOTE: Information on typical parametric values along with high frequency or heavy load considerations, can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tf = tf = 6 ns) 





Guaranteed Limit 




Vcc 

- 55 to 




Symbol 

Parameter 

V 

25°C 

< 85°C 

<125°C 

Unit 

tPLH. 

Maximum Propagation Delay, A to YA or B to YB 

2.0 

90 

115 

135 

ns 

tPHL 

(Figures 1 and 3) 

4.5 

18 

23 

27 




6.0 

15 

20 

23 


tPLZ. 

Maximum Propagation Delay, Output Enable to YA or YB 

2.0 

110 

140 

165 

ns 

tPHZ 

(Figures 2 and 4) 

4.5 

22 

28 

33 




6.0 

19 

24 

28 


tpZL. 

Maximum Propagation Delay, Output Enable to YA or YB 

2.0 

110 

140 

165 


tpZH 

(Figures 2 and 4) 

4.5 

22 

28 

33 




6.0 

19 

24 , 

28 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 


75 

90 


tTHL 

(Figures 1 and 3) 

4.5 


15 

18 




6.0 


13 

15 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

mm 

^out 

Maximum Three-State Output Capacitance (Output in 
High-Impedance State) 

— 


15 

15 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 


CpD 


Power Dissipation Capacitance (Per Transceiver Channel)* 


Typical @ 25°C, Vcc = 5.0 V 


34 


pF 


* Used to determine the no-load dynamic power consumption: Pq = CpD VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 
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SWITCHING WAVEFORMS 
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Figure 3. Test Circuit 


Figure 4. Test Circuit 


PIN DESCRIPTIONS 


INPUTS 

A1 , A2, A3, A4, B1 , B2, B3, B4 
(Pins 2, 4, 6, 8,11,13,15,17) 

Data input pins. Data on these pins appear in noninverted 
form on the corresponding Y outputs when the outputs are 
enabled. 

CONTROLS 
Enable A (Pin 1) 

Output enable (active-low). When a low level Is applied to 
this pin, the outputs of the “A” devices are enabled and the 
devices function as noninverting buffers. When a high level is 
applied, the outputs assume the high-impedance state. 


Enable 8 (Pin 19) 

Output enable (active-high). When a high level is applied 
to this pin, the outputs of the “B” devices are enabled and the 
devices function as noninverting buffers. When a low level is 
applied, the outputs assume the high-impedance state. 

OUTPUTS 

YA1, YA2, YA3, YA4, YB1, YB2, YB3, YB4 
(Pins 18, 16, 14,12, 9, 7, 5, 3) 

Device outputs. Depending upon the state of the output- 
enable pins, these outputs are either noninverting outputs or 
high-impedance outputs. 
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Octal 3-State Noninverting 
Buffer/Line Driver/ 

Line Receiver with 
LSTTL-Compatible Inputs 

High-Performance Silicon-Gate CMOS 

The MC54/74HCT241A is identical in pinout to the LS241. This device 
may be used as a level converter for interfacing TTL or NMOS outputs to 
High-Speed CMOS inputs. The HCT241 A is an octal noninverting buffer/line 
driver/line receiver designed to be used with 3-state memory address 
drivers, clock drivers, and other bus-oriented systems. The device has 
non-inverted outputs and two output enables. Enable A is active-low and 
Enable B is active-high. 

The HCT241A is similar in function to the HCT244. See also HCT240. 

• Output Drive Capability: 1 5 LSTTL Loads 

• TTL/NMOS-Compatible Input Levels 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 4.5 to 5.5 V 

• Low Input Current: 1 pA 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 1 1 8 FETs or 29.5 Equivalent Gates 

LOGIC DIAGRAM 



NONINVERTING 

OUTPUTS 


MC54/74HCT241A 



S J SUFFIX 

JPPI 

1 

1 CERAMIC PACKAGE 

CASE 732-03 

1 

Kr N bUrrlA 

1 1 PLASTIC PACKAGE 
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20^^ 

1 

DW SUFFIX 

SOIC PACKAGE 

CASE 751 D-04 

ORDERING INFORMATION 

MC54HCTXXXAJ Ceramic 

MC74HCTXXXAN Plastic 

MC74HCTXXXADW SOIC 


PIN ASSIGNMENT 

ENABLE A [ 

1* 20 

] Vcc 

A1 [ 

2 19 

] ENABLE B 

YB4[ 

3 18 

] YA1 

A2 [ 

4 17 

] B4 

YB3 [ 

5 16 

] YA2 

A3[ 

6 15 

] B3 

YB2[ 

7 14 

] YA3 

A4[ 

8 13 

] B2 

YB1 [ 

9 12 

] YA4 

GNDC 

10 11 

] B1 


FUNCTION TABLE 



X = don’t care 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vcc + ^ 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 

V 

■in 

DC Input Current, per Pin 

±20 

mA 

lout 

DC Output Current, per Pin 

±35 

mA 

•cc 

DC Supply Current, Vcc P'l^s 

±75 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 


Tstg 

Storage Temperature 

-65 to + 150 1 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

4.5 

5.5 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time (Figure 1) 

0 

500 

ns 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp, and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

4.5 

2 

2 


2 

V 


Voltage 

l^outl — 20 pA 

5.5 

2 

2 


2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

4.5 

0.8 

0.8 

08 

V 


Voltage 

llouti — 20 pA 

5.5 

0.8 

0.8 

0.8 


VOH 

Minimum High-Level Output 

Vin = ViH orV|L 

4.5 

4.4 

4.4 

4.4 

V 


Voltage 

I'outI — 20 pA 

5.5 

5.4 

5.4 

5.4 




Vin = ViH orV|L 









llouti ^ 6 mA 

4.5 

3.98 

3.84 

3.7 


VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

4.5 

0.1 

0.1 

0.1 

V 


Voltage 

l^outl — 20 pA 

5.5 

0.1 

0.1 

0.1 




Vin = V|H or V|l 









llout^ — 0 mA 

4.5 

0.26 

0.33 

0.4 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

5.5 

±0.1 

±1.0 

±1.0 

pA 


Maximum Three-State 

Output in High-Impedance State 

5.5 

±0.5 

±5.0 

±10 

pA 


Leakage Current 

Vin = V|LorV|H 









Vout = Vcc or GND 








Maximum Quiescent Supply 

Vin = Vcc or GND 

5.5 

4 

40 

160 


■■■ 

Current (per Package) 

'out = 0 pA 













^'cc 

Additional Quiescent Supply 

Vjn = 2.4 V, Any One Input 


>-55°C 

25°Cto125°C 



Current 

Vin = Vcc or GND, Other Inputs 









'out = 0 pA 

5.5 

2.9 



2.4 



NOTES: 

1 . Information on typical parametric values along with frequency or heavy load considerations can be found in Chapter 2. 

2. Total Supply Current = Icc + ^^'CC- 
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AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V ± 1 0%, Cl = 50 pF, Input tr = tf = 6 ns) 


Symbol 

Parameter 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

^PHL 

Maximum Propagation Delay, A to YA or B to YB 
(Figures 1 and 3) 

23 

29 

35 

ns 

tPLZ. 

tPHZ 

Maximum Propagation Delay, Output Enable to YA or YB 
(Figures 2 and 4) 

30 

38 

45 

ns 

tpZL. 

tpZH 

Maximum Propagation Delay, Output Enable to YA or YB 
(Figures 2 and 4) 

26 

33 

39 

ns 

II 

Maximum Output Transition Time, Any Output 
(Figures 1 and 3) 

12 

15 

18 

ns 

Qn 

Maximum Input Capacitance 

10 

10 

10 

pF 

^out 

Maximum Three-State Output Capacitance (Output in High-Impedance 
State) 

15 

15 

15 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Enabled Output)* 

55 


* Used to determine the no-load dynamic power consumption: Pq = CpD VQQ^f + Iqq Vqq. For load considerations, see Chapter 2. 


SWITCHING WAVEFORMS 




Figure 1. 
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CONNECT TO Vcc WHEN 
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* Includes all probe and jig capacitance 


* Includes all probe and jig capacitance 


Figure 3. Test Circuit 


Figure 4. Test Circuit 
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LOGIC DETAIL 
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Quad 3-State Bus Transceiver 

High-Performance Silicon-Gate CMOS 

The MC74HC242 is identical in pinout to the LS242. The device inputs 
are compatible with Standard CMOS outputs; with pullup resistors, they 
are compatible with LSTTL outputs. 

This quad bus transceiver is designed for asynchronous two-way 
communications between data buses. The states of the Output Enables 
(A-to-B Enable and B-to-A Enable) determine both the direction of data 
flow (from A to B or from B to A) and the modes of the Data Ports (input, 
output, or high-impedance). 

• Output Drive Capability: 1 5 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 2 to 6V 

• Low Input Current: IpA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance With the JEDEC Standard No. 7A Requirements 

• Chip Complexity: 130 FETs or 32.5 Equivalent Gates 


LOGIC DIAGRAM 



A Data 
Port 


A1 ■ 


A2- 


A3- 


A4- 


Output 

Enables 


A-TO-B ENABLE - 




B-TO-A ENABLE - 



1 " 01 






1 ® 04 




BData 

Port 


Pin14 = VCC 
Pin7 = GND 

Pins 2, 12 = No Connection 


MC74HC242 



FUNCTION TABLE 


Control Inputs 

Data Port Status 

A-to-B 

Enable 

B-to-A 

Enable 

A 

B 

H 

H 

O 

1 

L 

H 

z 

z 

H 

L 

z 

z 

L 

L 

1 

0 


I = Input; O = Output, O = Inverting Output 
Z = High Impedance 


Pinout: 14-Lead Plastic Package (Top View) 
B— to— A 

Vcc Enable NC B1 B2 B3 B4 

flTI [13] R H M [Tl [Tl 




LlJ UJ liJ LiJ liJ liJ liJ 

A-to-B NC A1 A2 A3 A4 GND 

Enable 

NC = No Connection 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vcc + 1 -5 

V 

V|/0 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•l/O 

DC Output Current, per Pin 

±35 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±75 

mA 

pd 

Power Dissipation in Still Air Plastic DlPf 

750 

mW 

"•stg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
Plastic DIP Package 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

,V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature Range, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise/Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc =4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnOrVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 



DC CHARACTERISTICS (Voltages Referenced to GND) 





<o 

o 

Guaranteed Limit 


Symbol 

Parameter 

Condition 

-55 to 25°C 

<85°C 

<125°C 

Unit 

V|H 

Minimum High-Level Input Voltage 

Vout = O '* V or Vcc -0.1V 

2.0 

1.50 

1.50 

1.50 

V 



••out* — 20|iA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.20 

4.20 

4.20 


V|L 

Maximum Low-Level Input Voltage 

Vout = 0.1V or Vcc -0.1V 

2.0 

0.3 

0.3 

0.3 

V 



••out* — 20fj.A 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vjn = V|H or V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out* — 20jiA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vjn =V|H or V|l Hout* ^ 6.0mA 

4.5 

3.98 

3.84 

3.70 




••out* — T.8mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out* - 20pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l Hout* ^ 6.0mA 

4.5 

0.26 

0.33 

0.40 




••out* — 7.8mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1 .0 

pA 

•oz 

Maximum Three-State Leakage 

Output in High-Impedance State 

6.0 

±0.5 

±5.0 

±10.0 

pA 


Current 

Vin = ViLorViH 

Vout = Vcc or GND 






•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

•out = OfiA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HC242 


AC CHARACTERISTICS (Cl = 50 pF, Input tp = tf = 6 ns) 




o> 

> 

Guaranteed Limit 


Symbol 

Parameter 

-55 to 25°C 

<85°C 

<125°C 

Unit 

tPLH. 

Maximum Propagation Delay, A to B or B to A 

2.0 

100 

125 

150 

ns 

tPHL 

(Figures 2 and 4) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


tPLZ. 

Maximum Propagation Delay, Output Enable to Output A or B 

2.0 

150 

190 

225 

ns 

tPHZ 

(Figures 3 and 5) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tPZL. 

Maximum Propagation Delay, Output Enable to Output A or B 

2.0 

150 

190 

225 

ns 

tPZH 

(Figures 3 and 5) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


^TLH. 

Maximum Output Transition Time, Any Output 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures 2 and 4) 

4.5 

12 

15 

18 




6.0 

10 

13 

15 


Cin 

Maximum Input Capacitance 

10 

10 

10 

pF 

Gout 

Maximum Three-State Output Capacitance (Output in High Impedance 

15 

15 

15 

pF 


State) 







NOTE; For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Transceiver)* 

31 


* Used to determine the no-load dynamic power consumption: Pq = CpQ VQQ2f + |qq Vqq. For load considerations, see Chapter 2. 



DATA PORTS 


PIN DESCRIPTIONS 

CONTROL INPUTS 


A1-A4 (Pins 3, 4, 5, 6) and B1-B4 (Pins 11,10,9,8) 

Data on these pins may be transferred between data 
buses. Depending upon the states of the Output Enables, 
these pins may be inputs, outputs or open circuits (high-im- 
pedance). 


A-to-B Enable (Pin 1) and B-to-A Enable (Pin 13) 

Data on these Output Enables determine both the direc- 
tion of the data flow (from A to B or from B to A) and the 
states of the outputs (standard or high impedance), accord- 
ing to the Function Table. 
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SWITCHING WAVEFORMS 



Figure 2. 



Vcc 

GND 

High 

Impedance 

Vql 

Vqh 

High 

Impedance 



TEST CIRCUITS 


TEST TEST 

POINT POINT 



o 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 




DEVICE 

UNDER 

TEST 


OUTPUT 


-AAAr- 


=FCl* 


CONNECT TO Vcc WHEN 
TESTING tpLZ and tpzL- 
CONNECT TO GND WHEN 
TESTING tpHZ and tpzH- 


‘Includes all probe and jig capacitance 


‘Includes all probe and jig capacitance 


Figure 4. 


Figure 5. 
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Octal 3-State Noninverting 
Buffer/Line Driver/ 

Line Receiver 

High-Performance Silicon-Gate CMOS 

The MC54/74HC244A is identical in pinout to the LS244. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

This octal noninverting buffer/line driver/line receiver is designed to be 
used with 3-state memory address drivers, clock drivers, and other 
bus-oriented systems. The device has noninverting outputs and two 
active-low output enables. 

The HC244A is similar in function to the HC240A and HC241A. 

• Output Drive Capability: 15 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 136 FETs or 34 Equivalent Gates 


LOGIC DIAGRAM 



NONINVERTING 

OUTPUTS 


MC54/74HC244A 


1 

J SUFFIX 

CERAMIC PACKAGE 
CASE 732-03 

1 

N SUFFIX 

PLASTIC PACKAGE 
CASE 738-03 

20 ^^ 

1 

DW SUFFIX 

SOIC PACKAGE 
CASE 751 D-04 

20^^ 

1 

SD SUFFIX 

SSOP PACKAGE 
CASE 940C-03 

20^^ 

1 

DT SUFFIX 

TSSOP PACKAGE 
CASE 948E-02 

ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 

MC74HCXXXAN Plastic 

MC74HCXXXADW SOIC 

MC74HCXXXASD SSOP 

MC74HCXXXADT TSSOP 



FUNCTION TABLE 


Inputs 1 

Outputs 

Enable A, 
Enable B 

A, B 

YA, YB 

L 

L 

L 

L 

H 

H 

H 

X 

Z 


Z = high impedance 
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MC54/74HC244A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1.5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±35 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±75 

mA 

pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packagef 

500 



SSOP or TSSOP Packaget 

450 


Tstg 

Storage Temperature 

-65 to + 150 

°C 


Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC, SSOP or TSSOP Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
fDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
SSOP or TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 



Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 



Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 



Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°C 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

- 55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out^ — fA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


VlL 

Maximum Low-Level Input 

Vout = 0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

••out! — 20 (J.A 

4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


VOH 

Minimum High-Level Output 

Vin = V|H 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 jiA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H llouM 6.0 mA 

4.5 

3.98 

3.84 

3.70 




• •out^ — "^*6 mA 

6.0 

5.48 

5.34 

5.20 


VoL 

Maximum Low-Level Output 

Vin = V|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 20 (lA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = VjL ••out^ — 6.0 mA 

4.5 

0.26 

0.33 

0.40 




••out^ — "^"6 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vjn = Vqq or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

loz 

Maximum Three-State 

Leakage Current 

Output in High-Impedance State 
Vin = V|L or V|h 

Vout = Vcc or GND 

6.0 

±0.5 

±5.0 

±10 

pA 

Icc 

Maximum Quiescent Supply 
Current (per Package) 

Vin = VcC or GND 
•out = 0 pA 

6.0 

4 

40 

160 

pA 


NOTE: Information on typical parametric values and high frequency or heavy load considerations can be found in Chapter 2. 



AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input ^ = tf = 6 ns) 





Guaranteed Limit 




Vcc 

-55 to 




Symbol 

Parameter 

V 

25° C 

<85°C 

<125°C 

Unit 

tPLH- 

Maximum Propagation Delay, A to YA or B to YB 

2.0 

96 

115 

135 

ns 

tPHL 

(Figures 1 and 3) 

4.5 

18 

23 

27 




6.0 

15 

20 

23 


tPLZ. 

Maximum Propagation Delay, Output Enable to YA or YB 

2.0 

110 

140 

165 

ns 

tPHZ 

(Figures 2 and 4) 

4.5 

22 

28 

33 




6.0 

19 

24 

28 


tpZL. 

Maximum Propagation Delay, Output Enable to YA or YB 

2.0 

110 

140 

165 

ns 

tpZH 

(Figures 2 and 4) 

4.5 

22 

28 

33 




6.0 

19 

24 

28 


tTLH- 

Maximum Output Transition Time, Any Output 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures 1 and 3) 

4.5 

12 

15 

18 




6.0 

10 

13 

15 


Qn 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 

C^out 

Maximum Three-State Output Capacitance (Output in 
High-Impedance State) 

— 

15 

i 

15 

15 

pF 


NOTE; For propagation delays with loads other than 50 pF, and Information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Buffer)* 

34 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VQQ^f + Iqq Vcq. For load considerations, see Chapter 2. 


SWITCHING WAVEFORMS 




Vcc 

GND 

HIGH 

IMPEDANCE 

Vql 

Vqh 

HIGH 

IMPEDANCE 
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TEST CIRCUITS 


TEST POINT TEST POINT 


DEVICE 

c 

OUTPUT 

p 

DEVICE 

c 

OUTPUT 

p 

1 kn 

H-WV 

[ CONNECT TO Vcc WHEN 

I TESTING tpLZ and tpzL- 

I CONNECT TO GND WHEN 

UNDER 


I Cl* 

UNDER 



1 TESTING tpHZ AND tpzH- 

TEST 

- 

TEST 

- 

= Cl* 



* Includes all probe and jig capacitance 


* Includes all probe and jig capacitance 


Figure 3. Test Circuit 


Figure 4. Test Circuit 


PIN DESCRIPTIONS 


INPUTS 

A1, A2, A3, A4, B1, B2, B3, B4 
(Pins2,4, 6,8, 11,13, 15, 17) 

Data input pins. Data on these pins appear in noninverted 
form on the corresponding Y outputs, when the outputs are 
enabled. 

CONTROLS 

Enable A, Enable B (Pins 1,19) 

Output enables (active-low). When a low level is applied 


to these pins, the outputs are enabled and the devices func- 
tion as noninverting buffers. When a high level is applied, the 
outputs assume the high impedance state. 


Device outputs. Depending upon the state of the output- 
enable pins, these outputs are either noninverting outputs or 
high-impedance outputs. 


OUTPUTS 

YA1, YA2, YA3, YA4, YB1, YB2, YB3, YB4 
(Pins18, 16, 14, 12, 9, 7, 5, 3) 


LOGIC DETAIL 


TO THREE OTHER 
A ORB INVERTERS 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 



Octal 3-State Noninverting 
Buffer/Line Driver/ 

Line Receiver with 
LSTTL-Compatibie Inputs 

High-Performance Silicon-Gate CMOS 

The MC54/74HCT244A is identical in pinout to the LS244. This device 
may be used as a level converter for interfacing TTL or NMOS outputs to 
High-Speed CMOS inputs. The HCT244A is an octal noninverting buffer 
line driver line receiver designed to be used with 3-state memory address 
drivers, clock drivers, and other bus-oriented systems. The device has 
non-inverted outputs and two active-low output enables. 

The HCT244A is the noninverting version of the HCT240. See also 
HCT241. 

• Output Drive Capability: 1 5 LSTTL Loads 

• TTL NMOS-Compatible Input Levels 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 4.5 to 5.5 V 

• Low Input Current: 1 pA 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 112 FETs or 28 Equivalent Gates 


LOGIC DIAGRAM 



MC54/74HCT244A 


1 

J SUFFIX 

CERAMIC PACKAGE 
CASE 732-03 

1 

N SUFFIX 

PLASTIC PACKAGE 
CASE 738-03 

20^^ 

1 

DW SUFFIX 

SOIC PACKAGE 
CASE 751 D-04 

1 

SD SUFFIX 

SSOP PACKAGE 
CASE 940C-03 

20^^ 

1 

DT SUFFIX 

TSSOP PACKAGE 
CASE 948E-02 

ORDERING INFORMATION 

MC54HCTXXXAJ Ceramic 

MC74HCTXXXAN Plastic 

MC74HCTXXXADW SOIC 
MC74HCTXXXASD SSOP 

MC74HCTXXXADT TSSOP 


PIN ASSIGNMENT 

ENABLE A [ !• 

20 ] Vcc 

A1 [ 2 

19 3 ENABLE B 

YB4[ 3 

18 ] YA1 

A2[ 4 

17 ] B4 

YB3[ 5 

16 ] YA2 

CD 

< 

15 ] B3 

YB2[ 7 

14 ] YA3 

oo 

13 ] B2 

YB1 [ 9 

12 ] YA4 

GND[ 10 

11 ] B1 


FUNCTION TABLE 


Inputs 1 

Outputs 

Enable A, 
Enable B 

A, B 

YA, YB 

L 

L 

L 

L 

H 

H 

H 

X 

Z 


Z = high impedance 
X = don’t care 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±35 

mA 

•cc 

DC Supply Current, Vqc ^ind GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packagef 

500 



SSOP or TSSOP Packagef 

450 


Tstg 

Storage Temperature 

- 65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC, SSOP orTSSOP Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
SSOP orTSSOP Package: -6.1 mW/°Cfrom 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, N/jp and 
Vout should be constrained to the 
range GND < (VjporVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

4.5 

5.5 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

V.tf 

Input Rise and Fall Time (Figure 1) 

0 

500 

ns 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

4.5 

2 

2 

2 

V 


Voltage 

••out! — 20 jiA 

5.5 

2 

2 

2 


VlL 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

4.5 

0.8 

0.8 • 

0.8 



Voltage 

••out! — 20 pA 

5.5 

0.8 

0.8 

0.8 


VOH 

Minimum High-Level Output 

Vin = V|H or V|l 

4.5 

4.4 

4.4 

4.4 

V 


Voltage 

••out^ — 20 pA 

5.5 

5.4 

5.4 

5.4 




Vin = ViH orV|L 
llout' ^ 6 mA 

4.5 





VOL 

Maximum Low-Level Output 

Vin = V|H or V|l 

4.5 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 20 pA 

5.5 

0.1 

0.1 

0.1 




Vin = V|H or V|l 
•• out^ — 0 mA 

4.5 

0.26 

0.33 

0.4 


•in 

Maximum Input Leakage Current 

Vin = Vqq or GND 

5.5 

±0.1 

±1.0 

±1.0 

pA 
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MC54/74HCT244A 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

O 

o> 

> 



-55 to 
25° C 

< 85°C 

< 125°C 

lOZ 

Maximum Three-State 

Leakage Current 

Output In High-Impedance State 
Vin = V|LorV|H 

Vout = Vqq or GND 

5.5 

±0.5 

±5.0 

±10 

pA 

Icc 

Maximum Quiescent Supply 
Current (per Package) 

Vin = VcC or GND 
•out = 0 pA 

5.5 

4 

40 

160 

pA 

Alec 

Additional Quiescent Supply 
Current 

Vjn = 2.4 V, Any One Input 

Vin = Vqq or GND, Other Inputs 
•out = 0 pA 

5.5 

>-55°C 

25°Cto125°C 

mA 

2.9 

2.4 


NOTES: 


1 . Information on typical parametric values along with frequency or heavy load considerations can be found in Chapter 2. 

2. Total Supply Current = Iqq + IAIqq. 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V ± 10%, Cl = 50 pF, Input tp = tf = 6 ns) 


Symbol 

Parameter 

Guaranteed Limit 

Unit 


< 85°C 

m 

tPLH. 

tPHL 

Maximum Propagation Delay, A to YA or B to YB 
(Figures 1 and 3) 



30 

ns 

tPLZ. 

tPHZ 

Maximum Propagation Delay, Output Enable to YA or YB 
(Figures 2 and 4) 


33 


ns 

tpZL. 

tPZH 

Maximum Propagation Delay, Output Enable to YA or YB 
(Figures 2 and 4) 

22 

28 



tTLH. 

tTHL 

Maximum Output Transition Time, Any Output 

(Figures 1 and 3) 

12 

15 

_ 


Gin 

Maximum Input Capacitance 

10 

10 

10 

pF 

^out 

Maximum Three-State Output Capacitance (Output in High-Impedance 
State) 

15 

15 

15 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 





Typical @ 25°C, Vqc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Enabled Output)* 

55 


* Used to determine the no-load dynamic power consumption: Pq = CpD VQQ^f + Iqq Vqq. For load considerations, see Chapter 2. 


SWITCHING WAVEFORMS 




3V 

GND 

HIGH 

IMPEDANCE 

Vql 

Vqh 

HIGH 
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TEST CIRCUITS 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

T 


-±: 


DEVICE 

UNDER 

TEST 


TEST POINT 

9 


OUTPUT 


1 ka 

■wv 


Cl* 


CONNECT TO Vcc WHEN 
TESTING tpLzANDtpzL 
CONNECT TO GND WHEN 
TESTING tpHZ and tpzH- 


* Includes all probe and jig capacitance 


* Includes all probe and jig capacitance 


Figure 3. 


Figure 4. 


LOGIC DETAIL 


TO THREE OTHER 
A ORB INVERTERS 




High-Speed CMOS Logic Data 
DL129 — Rev6 


3-315 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Octal 3-State Noninverting 
Bus Transceiver 

High-Performance Silicon-Gate CMOS 



The MC54/74HC245A is identical in pinout to the LS245. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

The HC245A is a 3-state noninverting transceiver that is used for 2-way 
asynchronous communication between data buses. The device has an 
active-low Output Enable pin, which is used to place the I/O ports into 
high-impedance states. The Direction control determines whether data 
flows from A to B or from B to A. 

• Output Drive Capability: 1 5 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 308 FETs or 77 Equivalent Gates 


LOGIC DIAGRAM 


A 

DATA 

PORT 


A1- 

A2- 


A3- 

A4- 


A5- 

A6- 


A7- 

A8- 


16 


-B1 

-B2 


B3 

■B4 


13 


12 


■B5 

B6 


B7 

-B8 


B 

DATA 

PORT 


DIRECTION — 
OUTPUT ENABLE-^ 


PIN10 = GND 
PIN 20 = Vcc 


MC54/74HC245A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 732-03 



N SUFFIX 

PLASTIC PACKAGE 
CASE 738-03 



DW SUFFIX 

SOIC PACKAGE 
CASE 751 D-04 


ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 

MC74HCXXXAN Plastic 

MC74HCXXXADW SOIC 


PIN ASSIGNMENT 


DIRECTION [ 
A1 [ 
A2[ 
A3 [ 
A4 [ 


1 « 

2 

3 

4 

5 

A5 d 6 
A6[ 7 
A7[ 8 
A8[ 9 
GND[ 10 


20 ] Vcc 

19 ] OUTPUT ENABLE 
18 ] B1 
] B2 
] B3 
] B4 
] B5 
] B6 
] B7 
] B8 


FUNCTION TABLE 


Control Inputs 

Operation 

Output 

Enable 

Direction 

L 

L 

Data Transmitted from Bus B to Bus A 

L 

H 

Data Transmitted from Bus A to Bus B 

H 

X 

Buses Isolated (High-Impedance State) 


X = don’t care 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1.5 to Vqq + 1.5 

V 

V|/0 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

'I/O 

DC Output Current, per Pin 

±35 

mA 

'cc 

DC Supply Current, Vqq and GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 


Tstg 

Storage Temperature 

- 65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP; - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vj^ and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr. tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

"out' — 20 jiA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

"out' — 20 |iA 

4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


VOH 

Minimum High-Level Output 

Vir. = ViH orViL 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

"out' — 20 |iA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = VjH or V|[_ Hout' — 0.0 mA 

4.5 

3.98 

3.84 

3.70 




llout' ^ 7.8 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orViL 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

"out' — 20 p.A 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l "out' ^ 0.0 mA 

4.5 

0.26 

0.33 

0.40 




"out' — 7.8 mA 

6.0 

0.26 

0.33 

0.40 


'in 

Maximum Input Leakage Current 

Vin = Vqq or GND, Pin 1 or 19 

6.0 

±0.1 

±1.0 

±1.0 

fiA 

'oz 

Maximum Three-State 

Output in High-Impedance State 

6.0 

±0.5 

±5.0 

±10 

tiA 


Leakage Current 

Vin = V|Lor V|h 

Vout = Vcc or GND, I/O Pins 






'cc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 

4 

40 

160 

pA 


Current (per Package) 

'out = 0 pA 







NOTE: Information on typical parametric values and high frequency or heavy load considerations can be found in Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6 ns) 



II 

Maximum Output Transition Time, Any Output 
(Figures 1 and 3) 

2.0 

4.5 

6.0 

60 

12 

10 

75 

15 

13 

90 

18 

15 


Cin 

Maximum Input Capacitance (Pin 1 or Pin 19) 

- 

10 

10 

10 

■■ 

^out 

Maximum Three-State I/O Capacitance 
(I/O in High-Impedance State) 

— 

15 

15 

15 

pF 


NOTE: For propagation delays with loads other than 50 pF, and Information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 


CpD 

Power Dissipation Capacitance (Per Transceiver Channel)* 

40 

pF 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VQQ2f + Iqq Vqq. For load considerations, see Chapter 2. 



Figure 1. Figure 2. 


TEST CIRCUITS 


TEST POINT 



TEST POINT 



CONNECT TO Vcc WHEN 
TESTING tpLZ and tpzL- 
CONNECT TO GND WHEN 
TESTING tpHZ and tpzH- 


* Includes all probe and jig capacitance 


* Includes all probe and jig capacitance 


Figure 3. 


Figure 4. 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Octal 3-State Noninverting 
Bus Transceiver with 
LSTTL Compatible Inputs 

High-Performance Silicon-Gate CMOS 

The MC54/74HCT245A is identical in pinout to the LS245. This device 
may be used as a level converter for interfacing TTL or NMOS outputs to 
High Speed CMOS inputs. 

The MC54/74HCT245A is a 3-state noninverting transceiver that is 
used for 2-way asynchronous communication between data buses. The 
device has an active-low Output Enable pin, which is used to place the 
I/O ports into high-impedance states. The Direction control determines 
whether data flows from A to B or from B to A. 

• Output Drive Capability: 1 5 LSTTL Loads 

• TTL/NMOS Compatible Input Levels 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 4.5 to 5.5 V 

• Low Input Current: 1 .0 pA 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 304 FETs or 76 Equivalent Gates 

LOGIC DIAGRAM 


A 

DATA 

PORT 


A1 - 
A2- 


A3- 

A4- 


A5- 

A6- 


A7- 

A8- 


DIRECTION- 
OUTPUT ENABLE 


14 


12 


-B8 


B 

DATA 

PORT 


19 


PIN20 = Vcc 
P1N10 = GND 


Design Criteria 

Value 

Units 

Internal Gate Count* 

76 

ea 

Internal Gate Propagation Delay 

1.0 

ns 

Internal Gate Power Dissipation 

5.0 

pW 

Speed Power Product 

0.005 

pj 


MC54/74HCT245A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 732-03 

1 

PLASTIC PACKAGE 
CASE 738-03 

20^^ 

1 

DW SUFFIX 

SOIC PACKAGE 
CASE 751D-04 

20^^ 

1 

SD SUFFIX 

SSOP PACKAGE 
CASE 940C-03 

20 

1 

DT SUFFIX 

TSSOP PACKAGE 
CASE 948E-02 

ORDERING INFORMATION 

MC54HCTXXXAJ Ceramic 

MC74HCTXXXAN Plastic 

MC74HCTXXXADW SOIC 
MC74HCTXXXASD SSOP 

MC74HCTXXXADT TSSOP 


PIN ASSIGNMENT 

DIRECTION [ 

1# 

20 

] Vcc 

A1 [ 

2 

19 

] OUTPUT ENABLE 

A2[ 

3 

18 

] B1 

A3[ 

4 

17 

] B2 

A4 [ 

5 

16 

] B3 

A5[ 

6 

15 

] B4 

A6[ 

7 

14 

] B5 

A7[ 

8 

13 

] B6 

A8[ 

9 

12 

] B7 

GND[ 

10 

11 

] B8 


FUNCTION TABLE 


* Equivalent to a two-input NAND gate. 


Control Inputs 

Operation 

Output 

Enable 

Direction 

L 

L 

Data Transmitted from Bus B to Bus A 

L 

H 

Data Transmitted from Bus A to Bus B 

H 

X 

Buses Isolated (High-Impedance State) 


X = Don’t Care 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1.5 to Vcc + 0-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±35 

mA 

•cc 

DC Supply Current, Vcc P"^s 

±75 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DIPt 

750 

mW 


SOIC Packaget 

500 



SSOP or TSSOP Packaget 

450 


Tstg 

Storage Temperature 

- 65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC, SSOP or TSSOP Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
SSOP or TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

4.5 

5.5 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time (Figure 1) 

0 

500 

ns 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

VlH 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

4.5 

2.0 

2.0 

2.0 

V 


Voltage 

••out^ — 20 |iA 

5.5 

2.0 

2.0 

2.0 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcn- 0.1 V 

4.5 

0.8 

0.8 

0.8 

V 


Voltage 

••out^ — 20 pA 

5.5 

0.8 

0.8 

0.8 


VOH 

Minimum High-Level Output 




ra 




Voltage 









Vin = ViH or V|l 
•• out^ — 0.0 mA 

4.5 





VOL 

Maximum Low-Level Output 



0.1 

0.1 

0.1 

V 


Voltage 



0.1 

0.1 

0.1 




Vin = V|H orViL 
••out^ — O'O mA 

4.5 

0.26 




•in 

Maximum Input Leakage Current 

Vin = Vcc or GND, Pins 1 or 19 


±0.1 

±1.0 

±1.0 
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MC54/74HCT245A 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

<- 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

•cc 

Maximum Quiescent Supply 
Current (per Package) 

V|n = Vcc or GND 
•out = 0 pA 

5.5 

4.0 

40 

160 

pA 

'oz 

Maximum Three-State 

Leakage Current 

Output in High-Impedance State 
Vin = V|L orViH 

Vout = Vcc or GND, I/O Pins 

5.5 

±0.5 

±5.0 

±10 

pA 

Alec 

Additional Quiescent Supply 
Current 

V|n = 2.4 V, Any One Input 

Vjn = Vcc or GND, Other Inputs 
lout = 0 pA 

5.5 

>-55°C 

25‘’Cto125°C 

mA 

2.9 

2.4 


NOTE: Information on typical parametric values can be found in Chapter 2. 



AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V ± 10%, Cl = 50 pF, Input tr = tf = 6.0 ns) 


Symbol 

Parameter 

Guaranteed Limit 

Unit 

-55 to 

25° C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, A to B or B to A 

22 

28 

33 

ns 

tPHL 

(Figures 1 and 3) 





tPLZ. 

Maximum Propagation Delay, Output Enable to A or B 

30 

36 

42 

ns 

tPHZ 

(Figures 2 and 4) ^ 





tPZL. 

Maximum Propagation Delay, Output Enable to A or 8 

30 

36 

42 

ns 

tpZH 

(Figures 2 and 4) 





tTLH. 

Maximum Output Transition Time, any Output 

12 

15 

18 

ns 

tTHL 

(Figures 1 and 3) 





Cin 

Maximum Input Capacitance (Pin 1 or 19) 

10 

10 

10 

pF 

Gout 

Maximum Three-State I/O Capacitance, (I/O in High-Impedance State) 

15 

15 

15 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 


CpD 


Power Dissipation Capacitance (Per Enabled Output)* 


Typical @ 25°C, Vcc = 5.0 V 


97 


pF 


* Used to determine the no-load dynamic power consumption: Pp = Cpp Vpc^f + Iqq Vqc- For load considerations, see Chapter 2. 
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SWITCHING WAVEFORMS 



Figure 1 . 


DIRECTION 

J 

ir ) 

^1.3V 



L 


j 


OUTPUT 

ENABLE 


^1.3 V 

/ 

r 




tpZL 

tPLZ— ► 


— 

AORB 



^1.3 V 



— 




tpZH 

tPHZ--*J 


AORB 


7 

n.3V 1 


Figure 2. 


3.0 V 

GND 
3.0 V 

GND 

HIGH 

IMPEDANCE 

VOL 

VOH 

HIGH 

IMPEDANCE 


TEST POINT 



C 

p 



OUTPUT 



DEVICE 



DEVICE 

UNDER 



UNDER 

TEST 

- 

= Cl* 

TEST 



r 



TEST POINT 

9 


OUTPUT 


1 ka 

AAA/ 


Cl* 


CONNECT TO Vcc WHEN 
TESTING tpLZ AND tpzL- 
CONNECT TO GND WHEN 
TESTING tpHzANDtpzH- 



* Includes all probe and jig capacitance 


* Includes all probe and jig capacitance 


Figure 3. 


Figure 4. Test Circuit 
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EXPANDED LOGIC DIAGRAM 
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8-lnput Data Selector/ 
Multiplexer with 
3-State Outputs 

High-Performance Silicon-Gate CMOS 

The MC54/74HC251 is identical in pinout to the LS251. The device inputs 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

This device selects one of the eight binary Data Inputs, as determined by 
the Address Inputs. The Output Enable pin must be a low level for the 
selected data to appear at the outputs. If Output Enable is high, both the Y 
and the Y outputs are in the high-impedance state. This 3-state feature 
allows the HC251 to be used in bus-oriented systems. 

The HC251 is similar in function to the HC151 which does not have 
3-state outputs. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 134 FETs or 33.5 Equivalent Gates 


LOGIC DIAGRAM 



I DATA 
f OUTPUTS 


MC54/74HC251 




FUNCTION TABLE 




Inputs 

Outputs 

A2 

A1 

AO 

Output 

Enable 

Y 

Y 

X 

X 

X 

H 

Z 

Z 

L 

L 

L 

L 

DO 

DO 

L 

L 

H 

L 

D1 

D1 

L 

H 

L 

L 

D2 

D2 

L 

H 

H 

L 

D3 

D3 

H 

L 

L 

L 

D4 

D4 

H 

L 

H 

L 

D5 

D5 

H 

H 

L 

L 

D6 

D6 

H 

H 

H 

L 

D7 

D7 


Z = high impedance 

DO, D1 , . . . , D7 = the level of the respective 
D input. 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±25 

mA 

•out 

DC Output Current, per Pin 

±50 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±75 

mA 

pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 


^stg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125° C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnOrVout) ^ ^CC- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

,V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tptf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85° C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

llout^ ^ 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|H or V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l llout^ ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llout^ ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H or V|l 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••oufl — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l Houtl ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llouti ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vqq or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•oz 

Maximum Three-State 

Output in High-Impedance State 

6.0 

±0.5 

±5.0 

±10 

pA 


Leakage Current 

Vin = V|LOrV|H 

Vout = Vcc or GND 






•cc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 

8 

80 

160 

pA 

i 

Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Input D to Output Y or Y 

2.0 

185 

230 

280 

ns 

tpHL 

(Figures 1 , 2 and 5) 

■a 


46 

56 






39 

48 


tPLH. 

Maximum Propagation Delay, Input A to Output Y or Y 






tpHL 

(Figures 3 and 5) 













tPLZ. 

Maximum Propagation Delay, Output Enable to Output Y 

2.0 

195 

245 

295 

ns 

tPHZ 

(Figures 4 and 6) 

4.5 

39 

49 

59 




6.0 

33 

42 

50 


tpZL. 

Maximum Propagation Delay, Output Enable to Output Y 

2.0 

145 

180 

220 

ns 

tpZH 

(Figures 4 and 6) 

4.5 

29 

36 

44 




6.0 

25 

31 

38 


tpLZ. 

Maximum Propagation Delay, Output Enable to Output Y 

2.0 

220 

275 

330 

ns 

IPHZ 

(Figures 4 and 6) 

4.5 

44 

55 

66 




6.0 

37 

47 

56 


tpZL. 

Maximum Propagation Delay, Output Enable to Output Y 

2.0 

150 

190 

225 

ns 

tpZH 

(Figures 4 and 6) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tTLH- 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 5) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 

Cout 

Maximum Three-State Output Capacitance 

— 

15 

15 

15 



(Output in High-Impedance State) 







NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 





Typical @ 25°C, Vqc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Package)* 

36 


* Used to determine the no-load dynamic power consumption: Pq = CpQ VcQ^f + Ice ^cc- considerations, see Chapter 2. 


PIN DESCRIPTIONS 


INPUTS 

DO, D1, D7 (Pins 4, 3, 2, 1, 15, 14, 13, 12) 

Data inputs. Data on one of these eight binary inputs may 
be selected to appear on the output. 

CONTROL INPUTS 

AO, A1, A2 (Pins 11, 10, 9) 

Address inputs. The data on these pins are the binary ad- 
dress of the selected input (see the Function Table). 


Output Enable (Pin 7) 

Output Enable. This input pin must be at a low level for the 
selected data to appear at tjie outputs. If the Output Enable 
pin is high, both the Y and Y outputs are taken to the high- 
impedance state. 

OUTPUTS 

Y, Y (Pins 5, 6) 

Data outputs. The selected data Is presented at these pins 
in both true (Y output) and complemented (Y output) forms. 
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MC54/74HC251 


SWITCHING WAVEFORMS 



Figure 1. 



■ VALID - 


■ VALID - 


INPUT A 

tPLH 

OUTPUT 

YORY 








■tPHL 


Vcc 

GND 


Figure 3. 



Vcc 

GND 

HIGH 

IMPEDANCE 

VOL 

VOH 

HIGH 

IMPEDANCE 



TEST CIRCUITS 


TEST POINT TEST POINT 


DEVICE 

c 

OUTPUT 


DEVICE 

c 

OUTPUT 

p 

1 kO 

— . 

[ CONNECT TO Vcc WHEN 

I TESTING tpLZ and tpzL- 
I CONNECT TO GND WHEN 

UNDER 


ZCl* 

UNDER 


zCl* 

1 TESTING tpHZ and tpzH- 

TEST 

- 

TEST. 

- 



* Includes all probe and jig capacitance 


* Includes all probe and jig capacitance 


Figure 5. 


Figure 6. 
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EXPANDED LOGIC DIAGRAM 




MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Dual 4- Input Data Selector/ 
Multiplexer with 
3-State Outputs 

High-Performance Silicon-Gate CMOS 

The l\/IC74HC253 is identical in pinout to the LS253. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

The Address inputs select one of four Data inputs from each multiplexer. 
Each multiplexer has an active-low Output Enable control and a three-state 
noninverting output. 

The HC253 is similar in function to the HC153 which does not have 
three-state outputs. 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 juA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No 7A 

• Chip Complexity 1 08 FETs or 27 Equivalent Gates 



LOGIC DIAGRAM 


ADDRESS 

INPUTS 



PIN16 = Vcc 
PIN8 = GND 


MC74HC253 


N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 


D SUFFIX 

SOIC PACKAGE 
CASE 751B-05 


ORDERING INFORMATION 

MC74HCXXXN Plastic 

MC74HCXXXD SOIC 



PIN ASSIGNMENT 



16 P Vcc 

OUTPUT 


FUNCTION TABLE 



Inputs 


Output 

A1 

AO 

Output 

Enable 

Y 

X 

X 

H 

Z 

L 

L 

L 

DO 

L 

H 

L 

D1 

H 

L 

L 

D2 

H 

H 

L 

D3 


DO, D1 , D2, and D3 = the level of 
the respective Data Inputs, 

Z = high impedance 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

lymH 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 


mm 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0,5 

mm 

•in 

DC Input Current, per Pin 

±20 

mQH 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DIPt 

SOIC Package! 



Tstg 

Storage Temperature 

-65 to + 150 

mn 

tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°c 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out^ — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 



Minimum High-Level Output 

Vin = V|H orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l Hout^ ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llout^ ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 



Maximum Low-Level Output 

Vin = V|H or V|l 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.1 

0.1 

0.1 





6,0 

0.1 

0.1 

0.1 




Vin = V|H or V|l Hout^ ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llout^ ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 



Maximum Input Leakage Current 

Vin = Vqq or GND 

6.0 

±0.1 

±1.0 

±1.0 



Maximum Three-State 

Output in High-Impedance State 


±0.5 

±5.0 

±10 

pA 


Leakage Current 

Vin = V|LorV(H 

Vout = Vqq or GND 






•cc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found In Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tf = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 



-55 to 
25°C 


m 

tPLH. 

Maximum Propagation Delay, Data to Output Y 

2.0 

140 

175 

210 

ns 

tPHL 

(Figures 1 and 3) 

4.5 

28 

35 

42 




6.0 

24 

30 

36 



Maximum Propagation Delay, Address to Output Y 

2.0 






(Figures 1 and 3) 

4.5 





■■■ 


6.0 





MEM 

Maximum Propagation Delay, Output Enable to Y 

2.0 

150 

190 

225 

ns 


(Figures 2 and 4) 

4.5 

30 

38 

45 


■Mg 


6.0 

26 

33 

38 



Maximum Propagation Delay, Output Enable to Y 

2.0 

100 

125 



■iSiH 

(Figures 2 and 4) 


20 

25 



;■■■ 



17 

21 



flERRH 

Maximum Output Transition Time, Any Output 




110 

ns 


(Figures 1 and 3) 






'■IB 







C^in 

Maximum Input Capacitance 

— 

10 

10 

10 

pF 

Cout 

Maximum Three-State Output Capacitance 

— 

15 

15 

15 

pF 


(Output in High-Impedance State) 







NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 


m 

■ 



Typical @ 25°C, Vcc = 5.0 V 


■ 

CPD 

Power Dissipation Capacitance (Per Multiplexer)* 

31 

pF 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VpQ^f + Iqq Vqq. For load considerations, see Chapter 2. 


SWITCHING WAVEFORMS 




Vcc 

GND 

HIGH 

IMPEDANCE 

Vql 

Vqh 

HIGH 

IMPEDANCE 
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MC74HC253 


TEST CIRCUITS 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T" 


4 : 


DEVICE 

UNDER 

TEST 


TEST POINT 

Q 


OUTPUT 


1 kQ 

-V\A- 


Cl* 


CONNECT TO Vcc WHEN 
TESTING tpLzANDtpzL 
CONNECT TO GND WHEN 
TESTING tpHZANDtpzH- 


* Includes all probe and jig capacitance 


* Includes all probe and jig capacitance 


Figure 3. 


Figure 4. 


PIN DESCRIPTIONS 

Output Enable (Pins 1,15) 


DATA INPUTS 

DOa - D3a, DOb - D3b (Pins 3, 4, 5, 6, 10, 11, 12, 13) 

Data inputs. When one of these pairs of inputs is selected 
and the outputs are enabled, the outputs assume the state of 
the respective inputs. 

CONTROL INPUTS 
AO, A1 (Pins 2, 14) 

Address inputs. These inputs select the pair of Data inputs 
to appear at the corresponding outputs. 


Active-low three-state Output Enable. When a low level is 
applied to these inputs, the corresponding outputs are en- 
abled. When a high level is applied, the outputs assume the 
high-impedance state. 


OUTPUTS 


Ya, Yb(Pins7, 9) 

Noninverting three-state outputs. 


LOGIC DETAIL 






NOINVERTING 

OUTPUTS 
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Quad 2-Input Data 
Selector/Multiplexer with 
3-State Outputs 

High-Performance Silicon-Gate CMOS 

The MC74HC257 is identical in pinout to the LS257. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

This device selects a (4-blt) nibble from either the A or B inputs as 
determined by the Select input. The nibble is presented at the outputs in 
noninverted form when the Output Enable pin is at a low level. A high level on 
the Output Enable pin switches the outputs into the high-impedance state. 

The HC257 is similar in function to the HC157 which do not have 3-state 
outputs. 

• Output Drive Capability: 15 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 |xA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 108 FETs or 27 Equivalent Gates 



LOGIC DIAGRAM 



NONINVERTING 

NIBBLE 

OUTPUT 


MC74HC257 


N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 


D SUFFIX 

SOIC PACKAGE 
CASE 751B-05 


ORDERING INFORMATION 

MC74HCXXXN Plastic 

MC74HCXXXD SOIC 



PIN ASSIGNMENT 



FUNCTION TABLE 


Inputs 

Outputs 

Output 

Enable 

Select 

Y0-Y3 

H 

X 

Z 

L 

L 

AO -A3 

L 

H 

B0-B3 


X = don’t care 
Z = high impedance 
A0-A3, B0-B3 = the levels of the 
respective Nibble Inputs. 


10/95 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqq + 1 .5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin , 

±35 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW 

Tstg 

Storage Temperature 

- 65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ ^CC- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


3 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out^ — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out! — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|H or V|l 

2.0 

1.9 





Voltage 

••out^ — 20 pA 

4.5 

4.4 


msM 





6.0 

5.9 






Vin = V|H or V||_ llout^ ^ 6.0 mA 

4.5 

3.98 

3.84 





••out^ — 7.8 mA 

6.0 

5.48 

5.34 




Maximum Low-Level Output 

Vin = V|H or V|l 


0.1 





Voltage 

••out^ — 20 pA 


0.1 

WSM 







0.1 

■■ 





Vin = V|H or V|l Hout^ ^ 6.0 mA 

4.5 

0.26 

0.33 

WBBM 




Hout^ ^ 7.8 mA 

6.0 

0.26 

0.33 

Hi 


•in 

Maximum Input Leakage Current 

Vin = Vqq or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 


Maximum Three-State 

Output in High-Impedance State 




±10 



Leakage Current 

Vin = V|LOr V|h 

Vout = Vcc or GND 






•cc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tptf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 
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MC74HC257 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Nibble A or B to Output Y 

2.0 

100 

125 

150 

ns 

tPHL 

(Figures 1 and 4) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


fPLH. 

Maximum Propagation Delay, Select to Output Y 

2.0 

100 

125 

150 

ns 

fPHL 

(Figures 2 and 4) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


tPLZ. 

Maximum Propagation Delay, Output Enable to Output Y 

2.0 

150 

190 

225 

ns 

tPHZ 

(Figures 3 and 5) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


fPZL. 

Maximum Propagation Delay, Output Enable to Output Y 

2.0 

150 

190 

225 

ns 

fpZH 

(Figures 3 and 5) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures 1 and 4) 

4.5 

12 

15 

18 




6.0 

10 

13 

15 


^in 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 

C^out 

Maximum Three-State Output Capacitance 

— 

15 

15 

15 

pF 


(Output in High-Impedance State) 







NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 






Typical @ 25°C, Vcc = 5.0 V 




CpD 

Power Dissipation Capacitance (Per Package)* 

39 

pF 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VQQ2f + Iqq Vqq. For load considerations, see Chapter 2. 


PIN DESCRIPTIONS 


INPUTS 

AO, A1, A2, A3 (Pins 2, 5, 11, 14) 

Nibble A input. The data present on these pins is trans- 
ferred to the output when the Select input is at a low level and 
the Output Enable input is at a low level. The data is pres- 
ented to the outputs in noninverted form. 

BO, B1, B2, B3 (Pins 3, 6, 10, 13) 

Nibble B input. The logic data present on these pins is 
transferred to the output when the Select input is at a high 
level and the Output Enable input is at a low level. The data 
is presented to the outputs in noninverted form. 

OUTPUTS 

YO, Y1, Y2, Y3 (Pins 4, 7, 9,12) 

Nibble output. The selected nibble input is presented at 
these outputs when the Output Enable input is at a low level. 


For the Output Enable Input at a high level, the outputs are 
switched to the high impedance state. 


CONTROL INPUTS 
Select (Pin 1) 

Nibble select. This input determines the nibble to be trans- 
ferred to the outputs. A low level on this input selects the A 
inputs and a high level selects the B inputs. 

Output Enable (Pin 15) 

Output Enable. A low level on this input allows the selected 
input data to be presented at the outputs. A high level on this 
input forces the outputs into the high-impedance state. 
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SWITCHING WAVEFORMS 




VALID — 

VALID — 


SELECT ) 

(“ ) 

( 'Ij 

c 

tPLH 

r — ^ 

h* — tPHL 



Vcc 

GND 


Figure 2. 



Vcc 

GND 

HIGH 

IMPEDANCE 

Vql 

Vqh 

HIGH 

IMPEDANCE 


TEST CIRCUITS 



TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

"T" 




DEVICE 

UNDER 

TEST 


TEST POINT 

P 


OUTPUT 


1kQ 

AW 



CONNECT TO Vcc WHEN 
TESTING tpLZ AND tpzL 
CONNECT TO GND WHEN 
TESTING tpHZ AND tpzH- 


* Includes all probe and jig capacitance 


* Includes all probe and jig capacitance 


Figure 4. 


Figure 5. 
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EXPANDED LOGIC DIAGRAM 



NIBBLE 

OUTPUT 







SEMICONDUCTOR TECHNICAL DATA 


8-Bit Addressable Latcb 
1 -of-8 Decoder 
High-Performance Silicon-Gate CMOS 

The MC54/74HC259 is identical in pinout to the LS259. The device inputs 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

The HC259 has four modes of operation as shown in the mode selection 
table. In the addressable latch mode, the data on Data In Is written into the 
addressed latch. The addressed latch follows the data input with all 
non-addressed latches remaining in their previous states. In the memory 
mode, all latches remain in their previous state and are unaffected by the 
Data or Address inputs. In the one-of-eight decoding or demultiplexing 
mode, the addressed output follows the state of Data In with all other outputs 
in the LOW state. In the Reset mode all outputs are LOW and unaffected by 
the address and data inputs. When operating the HC259 as an addressable 
latch, changing more than one bit of the address could impose a transient 
wrong address. Therefore, this should only be done while in the memory 
mode. 

o Output Drive Capability; 10 LSTTL Loads 
• Outputs Directly Interface to CMOS, NMOS, and TTL 
o Operating Voltage Range: 2 to 6 V 
o Low Input Current: 1 pA 

o High Noise Immunity Characteristic of CMOS Devices 
» In Compliance with the Requirements Defined by JEDEC Standard 

No. 7A 

o Chip Complexity: 202 FETs or 50.5 Equivalent Gates 


LOGIC DIAGRAM 



NONINVERTING 

OUTPUTS 


MC54/74HC259 



16 ^ 


1 


J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 


N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 


D SUFFIX 

SOIC PACKAGE 
CASE 751B-05 


ORDERING INFORMATION 

MC54HCXXXJ Ceramic 

MC74HCXXXN Plastic 

MC74HCXXXD SOIC 


PIN ASSIGNMENT 

A0[ 

1 • 16 

] Vcc 

A1 [ 

2 15 

] RESET 

A2[ 

3 14 

] ENABLE 

Q0[ 

4 13 

] DATA IN 

Q1 [ 

5 12 

]Q7 

02 [ 

6 11 

] Q6 

03 [ 

7 10 

]Q5 

GND [ 

8 9 

] Q4 



MODE SELECTION TABLE 


Enable 

Reset 

Mode 

L 

H 

Addressable Latch 

H 

H 

Memory 

L 

L 

8-Line Demultiplexer 

H 

L 

Reset 


LATCH SELECTION TABLE 


Address Inputs | 

Latch 

Addressed 

C 

B 

A 

L 

L 

L 

QO 

L 

L 

H 

Q1 

L 

H 

L 

Q2 

L 

H 

H 

Q3 

H 

L 

L 

Q4 

H 

L 

H 

Q5 

H 

H 

L 

Q6 

H 

H 

H 

Q7 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vcc + ■• -5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 


Tstg 

Storage Temperature 

-65 to 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


Ceramic DIP; - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 




This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 


-55 to 
25° C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1V 

2.0 



1.5 

V 


Voltage 

••out^ — 20 pA 

4.5 



3.15 





6.0 

m 


4.2 



Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 



Minimum High-Level Output 

Vin = V|H orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




V|n = V|H or VjL llout' ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llout^ ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vjn = V|H or Vil llout^ ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llout^ ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

. . 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tp = tf = 6 ns) 





Guaranteed Limit 




Vcc 

- 55 to 




Symbol 

Parameter 

V 

25°C 

< 85°C 

< 125°C 

Unit 

tPLH- 

Maximum Propagation Delay, Data to Output 

2.0 

185 

230 

280 

ns 

tPHL 

(Figures 1 and 6) 

4.5 

37 

46 

56 




6.0 

31 

39 

48 


tPLH. 

Maximum Propagation Delay, Address Select to Output 

2.0 

215 

270 

325 

ns 

tPHL 

(Figures 2 and 6) 

4.5 

43 

54 

65 




6.0 

37 

46 

55 


tPLH. 

Maximum Propagation Delay, Enable to Output 

2.0 

200 

250 

300 

ns 

tPHL 

(Figures 3 and 6) 

4.5 

40 

50 

60 




6.0 

34 

43 

51 


tPHL 

Maximum Propagation Delay, Reset to Output 

2.0 

155 

195 

235 

ns 


(Figures 4 and 6) 

4.5 

31 

39 

47 




6.0 

26 

33 

40 


tTLH> 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 6) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES; 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5 0 V 

CpD 

Power Dissipation Capacitance (Per Package)* 

30 


* Used to determine the no-load dynamic power consumption: Pq = Cpp VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Input V = tf = 6 ns) 


Symbol 

Parameter 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

^su 

Minimum Setup Time, Address or Data to Enable 

2.0 

100 

125 

150 

ns 


(Figure 5) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


th 

Minimum Hold Time, Enable to Address or Data 

2.0 

5 

5 

5 

ns 


(Figure 5) 

4.5 

5 

5 

5 




6.0 

5 

5 

5 


tw 

Minimum Pulse Width, Reset or Enable 

2.0 

80 

100 

120 

ns 


(Figure 3 or 4) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tr.tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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Figure 3. 


Figure 4. 


DATA IN 
OR 

ADDRESS 

SELECT 


ENABLE 



TEST POINT 



* Includes all probe and jig capacitance 


Figure 5. 


Figure 6. Test Circuit 
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EXPANDED LOGIC DIAGRAM 
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Product Preview 

8-Bit Addressable Latch 
1 -of-8 Decoder 

High-Performance Silicon-Gate CMOS 

The MC54/74HC259A is identical in pinout to the LS259. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

The HC259A has four modes of operation as shown in the mode selection 
table. In the addressable latch mode, the data on Data In Is written Into the 
addressed latch. The addressed latch follows the data input with all 
non-addressed latches remaining in their previous states. In the memory 
mode, all latches remain in their previous state and are unaffected by the 
Data or Address inputs. In the one-of-eight decoding or demultiplexing 
mode, the addressed output follows the state of Data In with all other outputs 
in the LOW state. In the Reset mode all outputs are LOW and unaffected by 
the address and data inputs. When operating the HC259A as an 
addressable latch, changing more than one bit of the address could impose 
a transient wrong address. Therefore, this should only be done while in the 
memory mode. 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• Hiah Noise Immunity Characteristic of CMOS Devices 


• Chip Complexity: 202 FETs or 50.5 Equivalent Gates 

LOGIC DIAGRAM 


In Compliance with the Requirements Defined by JEDEC Standard 
No. 7 A 



MC54/74HC259A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 



N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 




D SUFFIX 

SOIC PACKAGE 
CASE 751B-05 

DT SUFFIX 

TSSOP PACKAGE 
CASE 948F-01 


ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 
MC74HCXXXAN Plastic 

MC74HCXXXAD SOIC 

MC74HCXXXADT TSSOP 


PIN ASSIGNMENT 

A0[ 


16 

]Vcc 

A1 [ 

2 

15 

] RESET 

A2[ 

3 

14 

] ENABLE 

Q0[ 

4 

13 

] DATA IN 

Q1 [ 

5 

12 

]Q7 

Q2[ 

6 

11 

]Q6 

Q3 [ 

7 

10 

]Q5 

GND [ 

8 

9 

]Q4 


MODE SELECTION TABLE 


Enable 

Reset 

Mode 

L 

H 

Addressable Latch 

H 

H 

Memory 

L 

L 

8-Line Demultiplexer 

H 

L 

Reset 


LATCH SELECTION TABLE 


Address Inputs | 

Latch 

Addressed 

C 

B 

A 

L 

L 

L 

QO 

L 

L 

H 

01 

L 

H 

L 

02 

L 

H 

H 

03 

H 

L 

L 

04 

H 

L 

H 

05 

H 

H 

L 

06 

H 

H 

H 

07 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

— 0.5 to Vqq + 0.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

— 0.5 to Vqq + 0.5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqc and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature 

-65 to + 150 

°C 


Lead Temperature, 1 mm from Case for 10 Seconds 


n 


Plastic DIP, SOIC or TSSOP Package 

260 

Hi 


(Ceramic DIP) 

300 

■ 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 



Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vjn- Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 3.0 V 

0 

600 




Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 





Voltage 

••out! — 20|iA 

3.0 

2.1 







4.5 

3.15 







6.0 

4.2 





Maximum Low-Level Input 

Vout = 0.1 Vor Vqq -0.1 V 

2.0 



0.5 

V 


Voltage 

••out^ — 20 pA 

3.0 



0.9 





4.5 

1.35 

1.35 

1.35 





6.0 

1.80 

1.80 

1.80 


VOH 

Minimum High-Level Output 

Vin = V|H orViL 


1.9 

1.9 

1.9 

V 


Voltage 

••out! — 20 pA 




4.4 





6.0 



5.9 




Vin = V|H or V|l Houtl ^ 2.4 mA 

3.0 

2.48 


2.20 




••out! ^ 4.0 mA 

4.5 

3.98 


3.70 




••out^ — ^'2 mA 

6.0 

5.48 

5.34 

5.20 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25° C 

< 85°C 

< 125°C 

Unit 

VOL 

Maximum Low-Level Output 

Vin = ViH or V|l 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




V|n = V|H or V|l Hout* ^ 2.4 mA 

3.0 

0.26 

0.33 

0.40 




llouti ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




Houtl ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vqc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

4 

40 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found In Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6 ns) 





Guaranteed Limit 




Vcc 

-55 to 




Symbol 

Parameter 

V 

25°C 

< 85°C 

< 125°C 

Unit 

tPLH- 

Maximum Propagation Delay, Data to Output 

2.0 

125 

160 

175 

ns 

tPHL 

(Figures 1 and 6) 

3.0 

45 

60 

70 




4.5 

32 

32 

42 




6.0 

25 

28 

33 


tPLH. 

Maximum Propagation Delay, Address Select to Output 

2.0 

150 

175 

200 

ns 

tPHL 

(Figures 2 and 6) 

3.0 

60 

70 

80 




4.5 

32 

40 

45 




6.0 

28 

30 

35 


tPLH. 

Maximum Propagation Delay, Enable to Output 

2.0 

150 

175 

200 

ns 

tPHL 

(Figures 3 and 6) 

3.0 

60 

70 

80 




4.5 

32 

40 

45 




6.0 

28 

30 

35 


tPHL 

Maximum Propagation Delay, Reset to Output 

2.0 

110 

125 

160 

ns 


(Figures 4 and 6) 

3.0 

36 

45 

60 




4.5 

22 

26 

32 




6.0 

19 

23 

28 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 6) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES; 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found In Chapter 2. 



CPD 


Power Dissipation Capacitance (Per Package)* 


Typical @ 25°C, Vcc = 5.0 V 


30 


pF 


* Used to determine the no-load dynamic power consumption; Pp = Cpp VcQ^f + Iqq Vqq. For load considerations, see Chapter 2. 
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TIMING REQUIREMENTS (Input tr = tf = 6 ns) 


Symbol 

Parameter 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

^su 

Minimum Setup Time, Address or Data to Enable 

2.0 

75 

95 

110 

ns 


(Figure 5) 

3.0 

30 

40 

55 




4.5 

15 

19 

22 




6.0 

13 

16 

19 



Minimum Hold Time, Enable to Address or Data 

2.0 


■■nsH 




(Figure 5) 

3.0 



^B^B 




4.5 







6.0 



mi 



Minimum Pulse Width, Reset or Enable 




100 

ns 


(Figure 3 or 4) 




36 







22 


nm 


6.0 


16 

19 



Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 

HU 

(Figure 1) 

3.0 

800 

800 

800 




4.5 

500 

500 

500 




6.0 

400 



400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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Figure 3. 


Figure 4. 


DATA IN 
OR 

ADDRESS 

SELECT 


ENABLE 



Figure 5. 


TEST POINT 



* Includes all probe and jig capacitance 

Figure 6. Test Circuit 
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EXPANDED LOGIC DIAGRAM 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Octal D Flip-Flop with 
Common Clock and Reset 

High-Performance Silicon-Gate CMOS 

The MC54/74HC273A is identical in pinout to the LS273. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

This device consists of eight D flip-flops with common Clock and Reset 
inputs. Each flip-flop is loaded with a low-to-high transition of the Clock 
input. Reset is asynchronous and active low, 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 2.0 to 6.0 V 

• Low Input Current: 1 .0 pA 

• High Noise Immunity Characteristic of CMOS Devices 

® In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 264 FETs or 66 Equivalent Gates 


LOGIC DIAGRAM 



DATA 

INPUTS 



Design Criteria 

Value 

Units 

Internal Gate Count* 

66 

ea 

Internal Gate Propagation Delay 

1.5 

ns 

Internal Gate Power Dissipation 

5.0 

pW 

Speed Power Product 

.0075 

pj 


* Equivalent to a two-input NAND gate. 


MC54/74HC273A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 732-03 

1 

N SUFFIX 

PLASTIC PACKAGE 
CASE 738-03 

20^^ 

1 

DW SUFFIX 

SOIC PACKAGE 
CASE 751 D-04 

1 

DT SUFFIX 

TSSOP PACKAGE 
CASE 948E-02 

ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 

MC74HCXXXAN Plastic 

MC74HCXXXADW SOIC 
MC74HCXXXADT TSSOP 


PIN ASSIGNMENT 

RESET [ 

1« 

20 

] vcc 

Q0[ 

2 

19 

]Q7 

D0[ 

3 

18 

] D7 

D1 [ 

4 

17 

] D6 

Q1 [ 

5 

16 

] Q6 

Q2[ 

6 

15 

] Q5 

D2[ 

7 

14 

] D5 

D3[ 

8 

13 

] D4 

Q3[ 

9 

12 

] Q4 

GND[ 

10 

11 

] CLOCK 


FUNCTION TABLE 


Inputs 1 

Output 

Reset 

Clock 

D 

Q 

L 

X 

X 

L 

H 

J- 

H 

H 

H 

V 

L 

L 

H 

L 

X 

No Change 

H 

■V 

X 

No Change 
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MC54/74HC273A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vqc + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DIPt 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature 

- 65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


Plastic DIP, SOIC or TSSOP Package 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP; - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°C 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out! — 20 jiA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

••out^ — 20 pA 

4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


VOH 

Minimum High-Level Output 

Vin = V|H or V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 fj-A 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = ViH orViL 








llout^ ^ 4.0 mA 

4.5 

3.98 

3.84 

3.7 




Mout^ ^ 5.2 mA 

6.0 

5.48 

5.34 

5.2 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 











Vqc 





Symbol 

Parameter 

Test Conditions 

V 




Unit 

VoL 

Maximum Low-Level Output 

Vout = 0.1 VorVcc-0.1 V 

2.0 

0.1 

0.1 


HQH 


Voltage 

l^out^ — 20 jiA 

4.5 

0.1 

0.1 






6.0 

0.1 

0.1 





Vin = V|H or V|l 
llouti ^ 4.0 mA 

4.5 

0.26 

0.33 


■ 



llout^ — ^'2 mA 

6.0 

0.26 

0.33 



hn 

Maximum Input Leakage Current 

Vin = Vqq or GND 


±0.1 

±1.0 

±1.0 

IBSI 

icc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 






Current (per Package) 

•out = 0 hA 







NOTE: Information on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF. Input V = tf = 6.0 ns) 



Parameter 

o 

o> 

> 






fmax 

Maximum Clock Frequency (50% Duty Cycle) 


6.0 

5.0 

4.0 

MHz 


(Figures 1 and 4) 


30 

24 

20 





35 

28 

24 


tPLH 

Maximum Propagation Delay, Clock to Q 

2.0 

145 

180 

220 

ns 

tPHL 

(Figures 1 and 4) 

4.5 

29 

36 

44 




6.0 

25 

31 

. 38 


tPHL 


2.0 

145 

180 

220 

ns 


(Figures 2 and 4) 

4.5 

29 

36 

44 




6.0 

25 

31 

38 


tTLH 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 4) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

10 

10 

10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 





Typical @ 25°C, Vqq = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Enabled Output)* 

48 


* Used to determine the no-load dynamic power consumption: Pq = Cpo VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 
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TIMING REQUIREMENTS (Cl = 50 pF, Input V = tf = 6.0 ns) 


Symbol 

Parameter 

Fig. 

Vcc 

Volts 

Guaranteed Limit 

Unit 

-55 to 25° C 

< 85°C 

< 125°C 

Min 

Max 

Min 

Max 

Min 

Max 

^su 

Minimum Setup Time, Data to Clock 

3 

2.0 

60 


75 


90 


ns 




4.5 

12 


15 


18 






6.0 

10 


13 


15 



th 

Minimum Hold Time, Clock to Data 

3 

2.0 

3.0 


3.0 


3.0 


ns 




4.5 

3.0 


3.0 


3.0 






6.0 

3.0 


3.0 


3.0 



Vec 

Minimum Recovery Time, Reset Inactive to 

2 

2.0 

5.0 


5.0 


5.0 


ns 


Clock 


4.5 

5.0 


5.0 


5.0 






6.0 

5.0 


5.0 


5.0 



tw 

Minimum Pulse Width, Clock 

1 

2.0 

60 


75 


90 


ns 




4.5 

12 


15 


18 






6.0 

10 


13 


15 



tw 

Minimum Pulse Width, Reset 

2 

2.0 

60 


75 


90 


ns 




4.5 

12 


15 


18 






6.0 

10 


13 


15 



tr. tf 

Maximum Input Rise and Fall Times 

1 

2.0 ! 


1000 


1000 


1000 

ns 




4.5 I 


500 


500 


500 





6.0 I 

I 


400 


400 


400 
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SWITCHING WAVEFORMS 





DATA 


■ VALID - 




)C 


CLOCK 




Vcc 

GND 

Vcc 

GND 


Figure 3. 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

~T 


4 : 


* Includes all probe and jig capacitance 

Figure 4. Test Circuit 


EXPANDED LOGIC DIAGRAM 


DATA 

INPUTS 



QO 

01 

02 

03 

04 

05 

06 

07 


NONINVERTING 

OUTPUTS 
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Octal D Flip-Flop with 
Common Clock and Reset 
with LSTTL Compatibie Inputs 

High-Performance Silicon-Gate CMOS 

The MC74HCT273A may be used as a level converter for interfacing TTL 
or NMOS outputs to High-Speed CMOS inputs. 

The HCT273A is identical in pinout to the LS273. 

This device consists of eight D flip-flops with common Clock and Reset 
inputs. Each flip-flop is loaded with a low-to-high transition of the Clock 
input. Reset is asynchronous and active low. 

• Output Drive Capability: 1 0 LSTTL Loads 

• TTL/NMOS Compatible Input Levels 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 4.5 to 5.5 V 

• Low Input Current: 1 .0 pA 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 284 FETs or 71 Equivalent Gates 


LOGIC DIAGRAM 


DATA 

INPUTS 



MC74HCT273A 



1 


20 ^^ 

1 


N SUFFIX 

PLASTIC PACKAGE 
CASE 738-03 


DW SUFFIX 

SOIC PACKAGE 
CASE 751 D-04 


ORDERING INFORMATION 

MC74HCTXXXAN Plastic 
MC74HCTXXXADW SOIC 


PIN ASSIGNMENT 

RESET [ 

1* 

20 

] vcc 

QO [ 

2 

19 

] Q7 

D0[ 

3 

18 

] D7 

D1 [ 

4 

17 

] D6 

Q1 [ 

5 

16 

] Q6 

Q2[ 

6 

15 

] Q5 

D2[ 

7 

14 

] D5 

D3[ 

8 

13 

] D4 

Q3[ 

9 

12 

] Q4 

GND[ 

10 

11 

] CLOCK 



FUNCTION TABLE 


Inputs 

Output 

Reset 

Clock 

D 

Q 

L 

X 

X 

L 

H 

J- 

H 

H 

H 

J- 

L 

L 

H 

L 

X 

No Change 

H 

"V 

X 

No Change 


X = Don’t Care 
Z = High Impedance 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

-0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vcc + ■• -5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0.5 

V 

hn 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqc si^cI GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(SOIC or Plastic DIP) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

4.5 

5.5 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

V.tf 

Input Rise and Fall Time (Figure 1) 

0 

500 

ns 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

4.5 

2.0 

2.0 

2.0 

V 


Voltage 

llouti ^ 20 pA 

5.5 

2.0 

2.0 

2.0 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

4.5 

0.8 

0.8 

0.8 

V 


Voltage 

••out^ — 20 pA 

5.5 

0.8 

0.8 

0.8 


VOH 

Minimum High-Level Output 

Vin = V|H orV|L 

4.5 

4.4 

4.4 

4.4 

V 


Voltage 

••out^ — 20 pA 

5.5 

5.4 

5.4 

5.4 




Vin = ViHorViL 








llouti - 4.0 mA 

4.5 

3.98 

3.84 

3.7 


moBm 

Maximum Low-Level Output 

Vin = V|H orVjL 




■SB 


■a 

Voltage 

••out! — 20 pA 








Vin = ViRor V|L 

■■ 



■■BB 




llouti ^ 4.0 mA 

IB 





•in 

Maximum Input Leakage Current 

Vin = Vcc GND 


±0.1 

±1.0 

±1.0 

mQiii 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 





pA 


Current (per Package) 

•out = 0 pA 













^•cc 

Additional Quiescent Supply 

Vjn = 2.4 V, Any One Input 


>-55°C 

25°Cto125°C 



Current 

Vin = Vcc or GND, Other Inputs 








•out = 0 pA 

5.5 

2.9 

2.4 

mA 


NOTE: Information on typical parametric values can be found in Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V ± 10%, Cl = 50 pF, Input tp = tf = 6.0 ns) 





Guaranteed Limit 


Symbol 

Parameter 

Fig. 

-55 to 
25°C 

< 85°C 

< 125°C 

Unit 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

1,4 

30 

24 

20 

MHz 

tPLH. 

tpHL 

Maximum Propagation Delay, Clock to Q 

1.4 

25 

28 

35 

ns 

tPHL 

Maximum Propagation Delay, Reset to Q 

2,4 

25 

28 

35 

ns 

tTLH. 

tTHL 

Maximum Output Transition Time, Any Output 

1,5 

18 

20 

22 

ns 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CPD 

Power Dissipation Capacitance (Per Gate)* 

30 


* Used to determine the no-load dynamic power consumption: Pp = Cpo Vcc^f + ICC ^CC- For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Vcc = 5.0 V ± 1 0%, Cl = 50 pF, Input V = tf = 6.0 ns) 


Symbol 

Parameter 

Fig. 

Guaranteed Limit 

Unit 

-55 to 25°C 

< 85°C 

< 125°C 

Min 

Max 

Min 

Max 

Min 

Max 

^su 

Minimum Setup Time, Data to Clock 

3 

10 


12 


15 


ns 

th 

Minimum Hold Time, Clock to Data 

3 

3.0 


3.0 


3.0 


ns 

tree 

Minimum Recovery Time, Set or Reset Inactive to Clock 

2 

5.0 


5.0 


5.0 


ns 

tw 

Minimum Pulse Width, Clock 

1 

12 


15 


18 


ns 

tw 

Minimum Pulse Width, Set or Reset 

2 

12 


15 


18 


ns 


Maximum Input Rise and Fall Times 

1 


500 


500 


500 

ns 
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SWITCHING WAVEFORMS 



Figure 1. 


Figure 2. 


TEST POINT 



* Includes all probe and jig capacitance 
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9- Bit Odd/Even Parity 
Generator/Checker 

High-Performance Silicon-Gate CMOS 

The MC74HC280 is identical in pinout to the LS280. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

This circuit consists of 9 data-bit inputs (A through I) and 2 outputs (Even 
Parity and Odd Parity) to allow both odd and even parity applications. Words 
greater than 9-bits can be accommodated by cascading other HC280 
devices. 

This device can be used in systems utilizing the LS180 parity generator/ 
checker. Although the HC280 does not have expander inputs, the 
corresponding function is provided by an input at pin 4 and the absence of 
any connection at pin 3. This permits the HC280 to be substituted for the 
LS180 to produce a similar function, even if the HC280s are mixed with 
existing LS180s. NOTE; Pullup resistors must be used on the LS180 outputs 
to interface with the HC280. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 226 FETs or 56.5 Equivalent Gates 

LOGIC DIAGRAM 


FUNCTION TABLE 

^ EVEN PARITY 1 parity 

^ ODD PARITY (OUTPUTS 


Vcc = PIN14 
GND = PIN7 

NO CONNECTION = PIN 3 


Number of Inputs A through 

I That are High 

Outputs 

Even 

Parity 

Odd 

Parity 

0, 2, 4, 6, 8 

H 

L 

1,3, 5, 7, 9 

L 

H 


9-BIT 

DATA- 

WORD 

INPUTS 


9 

10 
11 
12 
13 
1 
2 
4 


MC74HC280 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

-0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vcc + 1-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

lout 

DC Output Current, per Pin 

±25 

mA 

icc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

1 

Power Dissipation in Still Air Plastic DlPf 

SOIC Package! 

750 

500 


row 

Storage Temperature 

- 65 to + 150 

ra 


Lead Temperature, 1 mm from Case for 1 0 Seconds 
(Plastic DIP or SOIC Package) 

260 

H 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

Di 

Vin, Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

Di 

Ta 

Operating Temperature, All Package Types 

-55 


B 

tr,tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4-5 V 

0 

500 




Vcc = 6.0 V 

0 

400 




This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vin and 
Vout should be constrained to the 
range GND ^ (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

— 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 


1.5 

■B 


V 


Voltage 

••out! — 20 |iA 


3.15 

HB 






6.0 

4.2 

WSM 

Hb 


V|L 

Maximum Low-Level Input 

Vniit = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

lloutf ^ 20 \iA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|H orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out! ^ 20 pA 

4.5 



4.4 





6.0 



5.9 




Vin = V|H or V|l Houtl ^ 4.0 mA 

4.5 

3.98 


3.70 




llouti ^ 5.2 mA 

6.0 

5.48 


5.20 


VOL 

Maximum Low-Level Output 

Vin = ViH orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out! ^ 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or Vil llouti ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




••out! — 6.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HC280 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tp = tf = 6 ns) 





Guaranteed Limit 




Vcc 

-55 to 




Symbol 

Parameter 

V 

25°C 

< 85°C 

< 125°C 

Unit 

tPLH. 

Maximum Propagation Delay, Data Inputs to Parity Outputs 

2.0 

205 

255 

310 

ns 

tPHL 

(Figures 1 and 2) 

4.5 

41 

51 

62 




6.0 

35 

43 

53 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 2) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Mqc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Package)* 

60 


* Used to determine the no-load dynamic power consumption: Pp = Crq VcQ^f + Iqq Vqq. For load considerations, see Chapter 2. 


PIN DESCRIPTIONS 


INPUTS 


OUTPUTS 


A, B, C, D, E, F, G, H, I (Pins 8-13, 1, 2, 4) 

Nine-bit data-word inputs. The data word placed on these 
pins is checked for even or odd parity. 


Even Parity (Pin 5) 

Even-parity output. This pin goes high if the data word has 
even parity and low if the data word has odd parity. 

Odd Parity (Pin 6) 

Odd-parity output. This pin goes high if the data word has 
odd parity and low if the data word has even parity. 




Figure 1 . Switching Waveforms 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


4 : 


* Includes all probe and jig capacitance 

Figure 2. Test Circuit 
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8-Bit Bidirectional Universal 
Shift Register with Parallel I/O 

High-Performance Silicon-Gate CMOS 



The MC74HC299 is identical in pinout to the LS299. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

The HC299 features a multiplexed parallel input/output data port to 
achieve full 8-blt handling in a 20 pin package. Due to the large output drive 
capability and the 3-state feature, this device Is ideally suited for interface 
with bus lines in a bus-oriented system. 

Two Mode-Select Inputs and two Output Enable Inputs are used to 
choose the mode of operation as listed in the Function Table. Synchronous 
parallel loading Is accomplished by taking both Mode-Select lines, S-j and 
S2, high. This places the outputs in the high-impedance state, which permits 
data applied to the data port to be clocked into the register. Reading out of 
the register can be accomplished when the outputs are enabled. The 
active-low asynchronous Reset overrides all other Inputs. 

• Output Drive Capability: 1 5 LSTTL Loads for Qa through Qh 

1 0 LSTTL Loads for Qa' and Qh' 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 398 FETs or 99.5 Equivalent Gates 


LOGIC DIAGRAM 


SERIAL 

DATA 

INPUTS 


{ Sa (SHIFT RIGHT) 

Sh (SHIFLEFT)-^ 


CLOCK- 



RESET 
MODE f Si 
SELECT t $2 
OUTPUT f0E1 
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W 


1 


ii 

2 


3 


Pa/Qa 

Pb^Qb 

Pc/Qc 

Pd/Qd 

Pe/Qe 

Pf/Qf 

Pq/Qg 

Ph/Qh 

Qa' 

Qh' 


} 


3-STATE 

PARALLEL DATA PORT 
(INPUTS/OUTPUTS) 


SERIAL DATA 
OUTPUTS 


PIN20 = Vcc 
PIN10 = GND 


MC74HC299 


1 

N SUFFIX 

PLASTIC PACKAGE 
CASE 738-03 

20 

DW SUFFIX 

SOIC PACKAGE 

1 

CASE 751D-04 

ORDERING INFORMATION 

1 MC74HCXXXN 

Plastic 

MC74HCXXXDW SOIC 


PIN ASSIGNMENT 

S1[ 


20 

] Vcc 

0E1 [ 

2 

19 

] S2 

0E2[ 

3 

18 

]Sh 

pg/QgC 

4 

17 

]Qh' 

Pe/QeC 

5 

16 

] ph/Qh 

Pc/Qc C 

6 

15 

] Pp/Qp 

Pa/Qa [ 

7 

14 

] Pd/Qd 

Qa'[ 

8 

13 

] Pb/Qb 

RESET [ 

9 

12 

] CLOCK 

GND[ 

10 

11 

]Sa 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±35 

mA 


DC Supply Current, Vqq and GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW 

1^91 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP; - 10 mW/°C from 65° to 125°C 

SOIC Package; - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 
I/O pins must be connected to a 
properly terminated line or bus. 


RECOMMENDED OPERATING CONDITIONS 



Parameter 

Min 

Max 

Unit 

■Sggi 

DC Supply Voltage (Referenced to GND) 

2.0 


V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

BS9 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

mn 

V.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 


im 



Vcc 






Parameter 

Test Conditions 

V 


< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

EM 



1.5 

V 


Voltage 

••out! — 20 pA 




3.15 





IE9 



4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 


0.3 

0.3 

0.3 

V 


Voltage 

••out^ — 20 pA 


0.9 

0.9 

0.9 






1.2 

1.2 

1.2 



Minimum High-Level Output 

Vin = V|H orV|L 

EM 

1.9 

1.9 

1.9 

V 


Voltage 

llout^ ^ 20 pA 


4.4 

4.4 

4.4 






5.9 

5.9 

5.9 




Vin = V|H or V|l llout^ ^ 6.0 mA (P/Q) 




3.70 




llouti ^ 7.8 mA (P/Q) 




5.20 




Vjn = V|H or V|l Hout^ ^ 4.0 mA (Q') 

BBI 



3.70 




llout^ ^ 5.2 mA (Q') 




5.20 


VOL 

Maximum Low-Level Output 

Vin = V(H orViL 

2.0 


0.1 


■Qm 


Voltage 

••out^ ^ 20 pA 

4.5 


0.1 






6.0 


0.1 

nmynii 




Vjn = ViH or Vil llouti ^ 6.0 mA (P/Q) 

4.5 







llouti ^ 7.8 mA (P/Q) 

6.0 







Vin = V|HorV|L llouti ^ 4.0 mA (Q') 

4.5 







llouti ^ 5.2 mA (Q') 

6.0 




n 

BHII 

Maximum Input Leakage Current 

Vin = Vqq or GND 

6.0 

±0.1 

±1.0 

±1.0 

BOH 

•oz 

Maximum Three-State Leakage 

Output in High-Impedance State 

6.0 

±0.5 

±5.0 

±10 

pA 


Current {Qj\ thru Qh) 

Vin = V|LorViH 

Vout = Vcc or GND 






•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

8 

80 

160 


■■■ 

Current (per Package) 

•out = 0 pA 







NOTE; Information on typical parametric values can be found in Chapter 2. 
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MC74HC299 



AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6 ns) 





Guaranteed Limit 




Vcc 

- 55 to 




Symbol 

Parameter 

V 

25°C 

< 85°C 

< 125°C 

Unit 

fmax 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 



BQBH 



(Figures 1 and 5) 

4.5 







6.0 






Maximum Propagation Delay, Clock to Qa' or Oh' 

2.0 






(Figures 1 and 5) 

4.5 







6.0 





tPLH. 

Maximum Propagation Delay, Clock to Qa thru Qh 

2.0 

160 

200 

240 

ns 

tPHL 

(Figures 1 and 5) 

4.5 

32 

40 

48 




6.0 

27 

34 

41 


tPHL 

Maximum Propagation Delay, Reset to Qa or Qh 

2.0 






(Figures 2 and 5) 

4.5 







6.0 





tPHL 

Maximum Propagation Delay, Reset to Qa' thru Qh' 

2.0 

190 

240 

285 

ns 


(Figures 2 and 5) 

4.5 

38 

48 

57 




6.0 

32 

41 

48 


tPLZ. 

Maximum Propagation Delay, OE1 , OE2, S1, or S2 to Qa thru Qh 

2.0 

150 

190 

225 

BjRBBj 

tPHZ 

(Figures 3 and 6) 

4.5 

30 

38 

45 

Hjj^B 



6.0 

26 

33 

38 

WM 

tpZL. 

Maximum Propagation Delay, OE1 , OE2, SI , or S2 to Qa thru Qh 




225 

H^BB 

tpZH 

(Figures 3 and 6) 




45 

Hjj^B 



6.0 


IIQIIII 

38 

^B 

ftlh. 

Maximum Output Transition Time, Qa thru Qh 






tTHL 

(Figures 1 and 5) 



BH 

HB 




6.0 





^TLH. 

Maximum Output Transition Time, Qa' or Qh' 

2.0 

75 




tTHL 

(Figures 1 and 5) 

4.5 

15 






6.0 

13 

WM 



Cjn 

Maximum Input Capacitance 

- 

10 

10 

10 

IBI 

nni^jiiQiiiii 

Maximum Three-State Output Capacitance 
(Output in High-Impedance State), Qa thru Qh 

— 

15 

15 

15 

jm^i 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 


CpD 


Power Dissipation Capacitance (Per Package)*, Outputs Enabled 


Typical @ 25°C, Vcc = 5.0 V 


240 


pF 


* Used to determine the no-load dynamic power consumption: Pq = CpQ VcQ^f + iqq Vqq. For load considerations, see Chapter 2. 
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MC74HC299 


TIMING REQUIREMENTS (Input tp = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

^su 

Minimum Setup Time, Mode Select S1 or S2 to Clock 

2.0 

100 

125 

150 

ns 


(Figure 4) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


^su 

Minimum Setup Time, Data Inputs Sa, Sh, Pa thru Ph to Clock 

2.0 

100 

125 

150 

ns 


(Figure 4) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


th 

Minimum Hold Time, Clock to Mode Select SI or S2 

2.0 

120 

150 

180 

ns 


(Figure 4) 

4.5 

24 

30 

36 




6.0 

20 

26 

31 


th 

Minimum Hold Time, Clock to Data Inputs, Sa, Sh, Pa thru Ph 

2.0 

5 

5 

5 

ns 


(Figure 4) 

4.5 

5 

5 

5 




6.0 

5 

5 

5 


tree 

Minimum Recovery Time, Reset Inactive to Clock 

2.0 

50 

65 

75 

ns 


(Figure 2) 

4.5 

10 

13 

15 




6.0 

9 

11 

13 


tw 

Minimum Pulse Width, Clock 

2.0 

80 

100 

120 

ns 


(Figure 1) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tw 

Minimum Pulse Width, Reset 

2.0 

80 

100 

120 

ns 


(Figure 2) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tf.tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE; Information on typical parametric values can be found in Chapter 2. 
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FUNCTION TABLE 


Inputs 

Response 

Mode 

Reset 

Mode 

Select 

Output 

Enables 

Clock 

Serial 

Inputs 

Pa/Qa Pr/Qb Pc/Qc Pd/Qd Pe^Qe Pr/Qf Pq/Qq Ph/Qh 

Qa' 

Qh' 

$2 

Sl 

OE1t 

OE2t 

Da 

Dh 

Reset 

L 

X 

L 

L 

L 

X 

X 

X 

LLLLLLLL 

L 

L 


L 

L 

X 

L 

L 

X 

X 

X 

LLLLLLLL 

L 

L 


L 

H 

H 

X 

X 

X 

X 

X 

Qa through Qh = Z 

L 

L 

Shift 

H 

L 

H 

H 

X 

J- 

D 

X 

Shift Right; Qa through Qh = Z; Da Fa; Fa Fg; etc. 

D 

Qq 

Right 

H 

L 

H 

X 

H 

J- 

D 

X 

Shift Right: Qa through Qh = Z; Da Fa: Fa -> Fg; etc. 

D 

Qq 


H 

L 

H 

L 

L 


D 

X 

Shift Right: Da Fa = Qa-’ Fa “*■ Fg = Qg; etc. 

D 

Qg 

Shift 

H 

H 

L 

H 

X 

J- 

X 

D 

Shift Left: Qa through Qh = Z;D\^-* Fh: Fh Fq; etc. 

Qg 

D 

Left 

H 

H 

L 

X 

H 

J- 

X 

D 

Shift Left: Qa through Qh = Z; Dh Fh: Fh Fq; etc. 

Qb 

D 


H 

H 

L 

L 

L 

J- 

X 

D 

Shift Left: Dh -*• Fh = Qh: Fh “♦ Fq = Qq; etc. 

Qg 

D 

Parallel 

H 

H 

H 

X 

X 

J- 

X 

X 

Parallel Load; P^ Fh 

Pa 

Ph 

Load 












Hold 

H 

L 

L 

H 

X 

X 

X 

X 

Hold: Qa through Qh = Z; F^ = F^ 

Pa 

Ph 


H 

L 

L 

X 

H 

X 

X 

X 

Hold: Qa through Qh = Z; = F^ 

Pa 

Ph 


H 

L 

L 

L 

L 

X 

X 

X 

Hold: Qh = Qh 

Pa 

Ph 


Z = high impedance 

D = data on serial input 

F = flip-flop (see Logic Diagram) 

tWhen one or both output controls are high the eight input/output terminals are disabled to the high impedance state, however, sequential 
operation or clearing of the register is not affected. 



PIN DESCRIPTIONS 


DATA INPUTS 
Sa (Pin 11) 

Serial data input (Shift Right). Data on this input is shifted 
into the shift register on the rising edge of Clock when S2 is 
low and S1 is high (shift right mode). 

Sh (Pin 18) 

Serial data input (Shift Left). Data on this input is shifted 
into the shift register on the rising edge of Clock when S2 is 
high and S1 is low (shift left mode). 

Pa through Ph (Pins 7, 13, 6, 14, 5, 15, 4, 16) 

Parallel data port inputs. Data on these pins can be paral- 
lel loaded into the shift register on the rising edge of Clock 
when both S1 and S2 are high. For any other combination of 
SI and S2, these pins serve as the outputs of the shift 
register. 


both output enables are high, the outputs are forced to the 
high-impedance state; however, sequential operation or 
clearing of the register is not affected. 

Reset (Pin 9) 

Active-low reset. A low on this pin resets all stages of the 
register to a low level. The reset operation is asynchronous. 

S1,S2 (Pins 1,19) 

Mode select inputs. The levels present at these pins deter- 
mine the shift register’s mode of operation: 

S1 = S2 = Low. Hold, 

SI = Low, S2 High. Shift left. 

SI = High, S2 Low, Shift right, 

SI = S2 = High. Parallel load. 

OUTPUTS 


CONTROL INPUTS 
Clock (Pin 12) 

Clock input. A low-to-high transition on this pin shifts the 
data at each stage to the next stage (shift right or left mode) 
or loads the data at the parallel data inputs into the shift reg- 
ister (parallel load mode). 

OE1,OE2 (Pins 2, 3) 

Active-low output enables. When both OE1 and OE2 are 
low, the Outputs Qa through Qh are enabled. When one or 


Qa', Qh' (Pins 8,17) 

Serial data outputs. These are the outputs of the first and 
last stages of the shift register, respectively. These outputs 
are not 3-state outputs and have standard drive capabilities. 

Qa through Qh (Pins 7, 13, 6, 14, 5, 15, 4, 16) 

Parallel data port outputs. Shifted data is present at these 
pins when OE1 and OE2 are low. For all other combinations 
of OE1 and OE2 these outputs are in the high-impedance 
state. 
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SWITCHING WAVEFORMS 





Figure 3a. 
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* Includes all probe and jig capacitance 

Figure 5. Test Circuit 
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* Includes all probe and jig capacitance 

Figure 6. Test Circuit 
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EXPANDED LOGIC DIAGRAM 
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8- Input Data Selector/ 
Multiplexer With Data and 
Address Latches and 
3-State Outputs 

High-Performance Silicon-Gate CMOS 

The MC54/74HC354 is identical in pinout to the LS354. The device 
inputs are compatible with Standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

The HC354 selects one of eight latched binary Data Inputs, as deter- 
mined by the Address Inputs. The information at the Data Inputs is stored 
in the transparent 8-bit Data Latch when the Data-Latch Enable pin is 
held high. The Address information may be stored in the transparent 
Address Latch, which is enabled by the active-high Address-Enable pin. 

The device outputs are placed in high-impedance states when Output 
Enable 1 is high, Output Enable 2 is high, or Output Enable 3 is low. 
The HC354 has a clocked Data Latch that is not transparent. 

• Output Drive Capability: 15 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 2 to 6V 

• Low Input Current: IpA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance With the JEDEC Standard No. 7A Requirements 

• Chip Complexity: 326 FETs or 81 .5 Equivalent Gates 
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20^^ 

DW SUFFIX 
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Pinout: 20-Lead Package (Top View) 
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MC54/74HC354 



MAXIMUM RATINGS* 


Symbol Parameter 


DC Supply Voltage (Referenced to GND) 


DC Input Voltage (Referenced to GND) 


DC Output Voltage (Referenced to GND) 


Ijn DC Input Current, per Pin 


lout DC Output Current, per Pin 


Ice DC Supply Current, Vqc and GND Pins 


Power Dissipation in Still Air, Plastic or Ceramic DlPf 
SO 1C Packaget 


Storage Temperature Range 


Lead Temperature, 1 mm from Case for 10 Seconds 

Plastic DIP or SOIC Package ; 

Ceramic DIP 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/®C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


Vaiue 

Unit 

-0.5 to + 7.0 

V 

- 1.5 to Vqq + 1.5 

V 

- 0.5 to Vqq + 0.5 

V 

±20 

mA 

±35 

mA 

±75 

mA 

750 

mW 

500 


- 65 to + 150 

O 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND ^ (VjnorVout) ^ Vec- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or V0 q). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 



Symboi 

Parameter 

Min 

Max 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

Vin» Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

Ta 

Operating Temperature Range, All Package Types 

-55 

+ 125 

tp tf 

Input Rise/Fall Time 

Vcc = 2.0 V 

0 

1000 


(Figure 1) 

Vqq = 4.5 V 

0 

500 



Vqq = 6.0 V 

0 

400 



DC CHARACTERISTICS (Voltages Referenced to GND) 


V|H Minimum High-Level Input Voltage Vout = 0.1V or Vqq -0.1V 

l^oufl — 20}iA 


V|L Maximum Low-Level Input Voltage Vout = 0.1V or Vqc -0.1V 

^^out^ — 20 |liA 


Vqh Minimum High-Level Output 
Voltage • 


Vql Maximum Low-Level Output 
Voltage 


Vjn = V|H orViL 
^^outl - 20p.A 


Vin =V|H or Vil Houtl ^ 0.0mA 
Hout^ — T.8mA 


Vjn = ViH orV|L 
l^outl - 20|iiA 


Vin = V|H or V|l Houtl ^ 6.0mA 
Houtl ^ 7.8mA 


Guaranteed Limit 

-55to 25°C I <85°C I <125°C Unit 


Maximum Input Leakage Current Vjp = Vqq or GND 
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DC CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Condition 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 25°C 

<85°C 

<125°C 

•oz 

Maximum Three-State Leakage 
Current 

Output in High-Impedance State 

Vin = ViLorViH 

Vout = VcC O'” GND 

6.0 

±0.5 

±5.0 

±10.0 

pA 

Icc 

Maximum Quiescent Supply 

Current (per Package) 

Vin = Vqq or GND 
lout = 

6.0 

8 

80 

160 

pA 


NOTE: Information on typical parametric values can be found in Chapter 2. 


AC CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 


— 


< 

<o 

o 

Guaranteed Limit 


Symbol 

Parameter 

-55 to 25°C 

<85°C 

<125°C 

Unit 

tPLH- 

Maximum Propagation Delay, D0-D7 to Y or Y 

2.0 

210 

265 

315 

ns 

tPHL 

(Figures 2 and 6) 

4.5 

42 

53 

63 




6.0 

36 

45 

54 


tPLH. 

Maximum Propagation Delay, Data-Latch Enable to Y or Y 

2.0 

260 

325 

390 

ns 

tPHL 

(Figures 3 and 6) 

4.5 

52 

65 

78 




6.0 

44 

55 

66 


tPLH. 

Maximum Propagation Delay, A0-A2 to Y or Y 

2.0 

270 

340 

405 

ns 

tPHL 

(Figures 2 and 6) 

4.5 

54 

68 

81 




6.0 

46 

58 

69 


tPLH. 

Maximum Propagation Delay, Address-Latch Enable to Y or Y 

2.0 

270 

340 

405 

ns 

tPHL 

(Figures 3 and 6) 

4.5 

54 

68 

81 




6.0 

46 

58 

69 


tPLZ. 

Maximum Propagation Delay, OE1-OE3 to Y or Y 

2.0 

160 

200 

240 

ns 

tPHZ 

(Figures 4 and 7) 

4.5 

32 

40 

48 




6.0 

27 

34 

41 


tpzb 

Maximum Propagation Delay, OE1-OE3 to Y or Y 

2.0 

125 

155 

190 

ns 

tpZH 

(Figures 4 and 7) 

4.5 

25 

31 

38 




6.0 

21 

26 

32 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures 1 and 6) 

4.5 

12 

15 

18 




6.0 

10 

13 

15 


C^in 

Maximum Input Capacitance 

10 

10 

10 

pF 

^out 

Maximum Three-State Output Capacitance (Output in High Impedance 

15 

15 

15 

pF 


State) 







NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 





Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Package)* 

48 


* Used to determine the no-load dynamic power consumption: Pq = CpQ Vcc^f + ICC Vcc- considerations, see Chapter 2. 
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PIN DESCRIPTIONS 


D0-D7 (Pins 8-1) DATA INPUTS 

These eight data bits are stored in a transparent latch when 
the Data-Latch Enable pin Is active (high). Once enabled, 
changing inputs will not change the contents of the latch. 

AO, A1, A2 (Pins 14,13,12) ADDRESS INPUTS 

Selects which data bit stored in the Data Latch is routed to 
the outputs Y and Y. 

DATA-LATCH ENABLE (Pin 9) 

The latch is transparent to D0-D7 when enable is inactive 
(low). The Data-Latch contents are unaffected when enable 
Is held active (high). 


ADDRESS-LATCH ENABLE (Pin 11) 

The latch is transparent to AO, A1 and A2 when enable Is 
inactive (low). The Address-Latch contents are unaffected 
when enable is held active (high). 

OE1, OE2, OE3 (Pins 15,16,17) OUTPUT ENABLES 

Any of the output enable pins Inactive (OE1=High or 
OE2=High or OE3=Low) causes the outputs (Y and Y) to be 
In hIgh-Impedance states. 

Y,Y (Pins 19,18) 

These 3-state outputs (when not 3-stated) represent the 
data bit in the Data Latch selected by the Address Latch. 


TIMING REQUIREMENTS (Input V = tf = 6 ns) 




< 

<o 

o 

Guaranteed Limit 


Symbol 

Parameter 

-55 to 25°C 

<85'’C 

<125°C 

Unit 

*su 

Minimum Setup Time, D0-D7 to Data-Latch Enable 

2.0 

50 

65 

75 

ns 

(Figure 5) 

4.5 

10 

13 

15 




6.0 

9 

11 

13 


*su 

Minimum Setup Time, A0-A2 to Address-Latch Enable 

2.0 

50 

65 

75 

ns 

(Figure 5) 

4.5 

10 

13 

15 




6.0 

9 

11 

,13 


th 

Minimum Hold Time, Data-Latch Enable to D0-D7 

2.0 

5 

5 

5 

ns 

(Figure 5) 

4.5 

5 

5 

5 




6.0 

5 

5 

5 


th 

Minimum Hold Time, Address-Latch Enable to A0-A2 

2.0 

5 

5 

5 

ns 

(Figure 5) 

4.5 

5 

5 

5 




6.0 

5 

5 

5 


tw 

Minimum Pulse Width, Data-Latch Enable 

2.0 

80 

100 

120 

ns 


(Figure 3) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tw 

Minimum Pulse Width, Address-Latch Enable 

2.0 

80 

100 

120 

ns 

(Figure 3) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tr.tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 


i 


6.0 

400 

400 

400 



NOTE; Information on typical parametric values can be found in Chapter 2. 
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FUNCTION TABLE 


Address Latch Contents # 

Inputs 

Outputs 

Description 

A2 

A1 

AO 

Data-Latch 

Enable 

OE1 

OE2 

OE3 

Y 

Y 

X 

X 

X 

X 

H 

X 

X 

Z 

Z 

Outputs in High-Impedance States 

X 

X 

X 

X 

X 

H 

X 

z 

Z 


X 

X 

X 

X 

X 

X 

L 

z 

z 


L 

L 

L 

L 

L 

L 

H 

DO 

DO 

Data-Latch is Transparent 

L 

L 

H 









D1 

D1 


L 

H 

L 









D2 

D2 


L 

H 

H 









D3 

D3 


H 

L 

L 









D4 

D4 


H 

L 

H 









D5 

D5 


H 

H 

L 









D6 

D6 


H 

H 

H 









D7 

D7 


L 

L 

L 

H 

U 

L 

H 

DOn 

DOn 

New Data is Stored in Data-Latch and is 

L 

L 

H 









D1n 

D1n 

Not Alterable 

L 

H 

L 









D2n 

D2n 


L 

H 

H 









D3n 

P3n 


H 

L 

L 









D4n 

^n 


H 

L 

H 









D5n 

D5n 


H 

H 

L 









D6n 

P6n 


H 

H 

H 









D7n 

D7n 



# Represents bits in Address-Latch. See Address-Latch Enable pin description. 

X = Don’t Care; Z = High Impedance; D0-D7 = the data at inputs DO through D7; D0n-D7n = the data present at inputs DO through D7 when the 
Data-Latch Enable pin was taken high. 


SWITCHING WAVEFORMS 


Any Input 


YorY 


r' "i 


1/ . ^ 


— VALID — ► 

— VALID — ► 

T 90% ‘t 

^ 10% ^ 


y vcc 

/ QfyjQ 

D(>-D7 \ 

A0-A2 7 

^50% ^ 

( i 



tPLH 

h- 

h-tPHL 


10 %- 


-tTLH 

Figure 1. 


tTHL- 


YorY 




Vcc 

GND 






Figure 2. 


Address- 
Latch Enable 



50% 




Vcc 

GND 


-tPLH 


tPHL- 


YorY 




Figure 3. 



Vcc 

GND 

High 

Impedance 

VoL 

VqH 

High 

Impedance 


Figure 4. 
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MOTOROLA 


D0-D7 

A0-A2 



Data-Latch 

Enable 



vcc 

GND 

Vcc 

GND 


Figure 5. 


TEST CIRCUITS 


TEST TEST 

POINT POINT 


DEVICE 

UNDER 

TEST 


OUTPUT 


9 


Cl* 



CONNECT TO Vcc WHEN 
TESTING tpLzANDtpzL- 
CONNECT TO GND WHEN 
TESTING tpHZ and tpzH- 


*Inclucles all probe and jig capacitance 


*lncludes all probe and jig capacitance 


Figure 6. 


Figure 7. 
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SEMICONDUCTOR TECHNICAL DATA 


Hex 3-State Noninverting 
Buffer with Common Enabies 

High-Performance Silicon-Gate CMOS 

The MC54/74HC365 is identical in pinout to the LS365. The device inputs 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

This device is a high-speed hex buffer with 3-state outputs and two 
common active-low Output Enables. When either of the enables is high, the 
buffer outputs are placed into high-impedance states. The HC365 has 
noninverting outputs. 

• Output Drive Capability: 15 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

® In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 90 FETs or 22.5 Equivalent Gates 


LOGIC DIAGRAM 


MC54/74HC365 



J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 



N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 



DT SUFFIX 

TSSOP PACKAGE 
CASE 948F-01 


ORDERING INFORMATION 

MC54HCXXXJ Ceramic 

MC74HCXXXN Plastic 

MC74HCXXXDT TSSOP 




PIN ASSIGNMENT 


OUTPUT 
ENABLE 1 


A0[ 2 
Y0[ 3 
A1 [ 4 
Y1 [ 5 
A2 [ 6 
Y2[ 7 
GND[ 8 


16 P Vcc 
1 OUTPUT 
' ENABLE 2 


15 h 


14 ] A5 
13 ] Y5 
] A4 
]Y4 
] A3 
] Y3 


FUNCTION TABLE 


Inputs I 

Output 

Enable 

Enable 



1 

2 

A 

Y 

L 

L 

L 

L 

L 

L 

H 

H 

H 

X 

X 

Z 

X 

H 

X 

Z 


X = don’t care 
Z = high impedance 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vcc + LS 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

'in 

DC Input Current, per Pin 

±20 

mA 

'out 

DC Output Current, per Pin 

±35 

mA 

'cc 

DC Supply Current, Vqc and GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


TSSOP Package! 

450 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or TSSOP Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (Vm or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr, tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = Vcc -0-1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

"out' — 20 jiA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

"out' — 20 jxA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|H 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

"out' — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H "out' ^ 6.0 mA 

4.5 

3.98 

3.8*4 

3.70 

* 



"out' — ^’6 fTiA 

6.0 

5.48 

5.34 

5.20 


VoL 

Maximum Low-Level Output 

—I 

> 

II 

c 

> 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

"out' — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|L "out' — 6.0 mA 

4.5 

0.26 

0.33 

0.40 




"out' — 

6.0 

0.26 

0.33 

0.40 


'in 

Maximum Input Leakage Current 

Vin = Vqc Of GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

•oz 

Maximum Three-State 

Leakage Current 

Output In High-Impedance State 
Vin = V|Lor V|h 

Vout = VcC or GND 

6.0 

±0.5 

±5.0 

±10 

pA 

•cc 

Maximum Quiescent Supply 
Current (per Package) 

Vjn = Vqq or GND 
•out = 0 fiA 

6.0 

8 

80 

160 

pA 


NOTE: Information on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 


Symbol 

Parameter 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Input A to Output Y 

2.0 

120 

150 

180 

ns 

tPHL 

(Figures 1 and 3) 

4.5 

24 

30 

36 




6.0 

20 

26 

31 


tPLZ. 

Maximum Propagation Delay, Output Enable to Output Y 

2.0 

220 

275 

330 

ns 

tPHZ 

(Figures 2 and 4) 

4.5 

44 

55 

66 




6.0 

37 

47 

56 


tPZL. 

Maximum Propagation Delay, Output Enable to Output Y 

2.0 

220 

275 

330 

ns 

tPZH 

(Figures 2 and 4) 

4.5 

44 

55 

66 




6.0 

37 

47 

56 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures 1 and 3) 

4.5 

12 

15 

18 




6.0 

10 

13 

15 


Gin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 

Gout 

Maximum Three-State Output Capacitance 

— 

15 

15 

15 

pF 


(Output in High-Impedance State) 







NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 





Typical @ 25°C, Vqq = 5.0 V 

GpD 

Power Dissipation Capacitance (Per Buffer)* 

40 


* Used to determine the no-load dynamic power consumption: Pd = Cpp VQQ^f + Iqq Vqq. For load considerations, see Chapter 2. 


SWITCHING WAVEFORMS 




Vcc 

GND 

HIGH 

IMPEDANCE 

VOL 

Vqh 

HIGH 

IMPEDANCE 
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TEST CIRCUITS 


DEVICE 

UNDER 

TEST 


TEST POINT 
OUTPUT \ 


Cl* 


DEVICE 

UNDER 

TEST 


TEST POINT 

P 


OUTPUT 


1 kQ 

■AAA/ — 


Cl* 


CONNECT TO Vcc WHEN 
TESTING tpLZ AND tpzL- 
CONNECT TO GND WHEN 
TESTING tpHZ AND tpzH- 


* Includes all probe and jig capacitance 


* Includes all probe and jig capacitance 


Figure 3. 


Figure 4. 


LOGIC DETAIL 


TOOTHERS 
FIVE BUFFERS 
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Hex 3-State Inverting Buffer 
with Common Enabies 

High-Performance Silicon-Gate CMOS 

The MC54/74HC366 is identical in pinout to the LS366. The device inputs 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

This device is a high-speed hex buffer with 3-state outputs and two 
common active-low Output Enables. When either of the enables is high, the 
buffer outputs are placed into high-impedance states. The HC366 has 
inverting outputs. 

• Output Drive Capability: 1 5 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 78 FETs or 19.5 Equivalent Gates 


LOGIC DIAGRAM 




MC54/74HC366 


J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 


N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 


ORDERING INFORMATION 

MC54HCXXXJ Ceramic 

MC74HCXXXN Plastic 



PIN ASSIGNMENT 

OUTPUT r 
ENABLE 1 «■ 

1 • 

16 

] Vcc 

A0[ 

2 

15 

T OUTPUT 

J ENABLE 2 

Y0[ 

3 

14 

] A5 

A1[ 

4 

13 

]Y5 

Y1 [ 

5 

12 

] A4 

A2[ 

6 

11 

]Y4 

Y2[ 

7 

10 

] A3 

GND[ 

8 

9 

] Y3 






FUNCTION TABLE 


Inputs 1 

Output 

Enable 

Enable 



1 

2 

A 

Y 

L 

L 

L 

H 

L 

L 

H 

L 

H 

X 

X 

Z 

X 

H 

X 

Z 


X = don’t care 
Z = high impedance 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

■^i 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vcc + 1-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±35 

mA 


DC Supply Current, Vqc and GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 

^stg 

Storage Temperature 

- 65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 1 0 Seconds 


°C 


(Plastic DIP) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP; - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 


Ta 

Operating Temperature, All Package Types 

-55 

+ 125 


tptf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 



(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp, and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc). 
Unused outputs must be left open. 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0-1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out^ — 20 jiA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = Vcc -0.1V 

2.0 

0.3 

m 

0.3 

V 


Voltage 

••out! — 20 jiA 

4.5 

0.9 

mgm 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 




1.9 


V 


Voltage 




4.4 . 








5.9 








3.84 








5.34 



VOL 

Maximum Low-Level Output 

Vin = V|H 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

llouti ^ 20 |iA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V||-| ••out^ ^ 6.0 mA 

4.5 

0.26 

0.33 

0.40 




llout^ ^ 7.8 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

|iA 

•oz 

Maximum Three-State Leakage 

Output in High-Impedance State 

6.0 

±0.5 

±5.0 

±10 

pA 


Current 

Vin = ViLorV|H 

Vout = Vcc or GND 






•cc 

Maximum Quiescent Supply 

Vjn = Vcc or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

•out = 0 jiA 







NOTE; Information on typical parametric values can be found in Chapter 2. 
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MOTOROLA 



























MC54/74HC366 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, input = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Input A to Output Y 

2.0 

95 

120 

145 

ns 

tPHL 

(Figures 1 and 3) 

4.5 

19 

24 

29 




6.0 

16 

20 

25 


tPLZ. 

Maximum Propagation Delay, Output Enable to Output Y 

2.0 

220 

275 

330 

ns 

tPHZ 

(Figures 2 and 4) 

4.5 

44 

55 

66 




6.0 

37 

47 

56 


tPZL. 

Maximum Propagation Delay, Output Enable to Output Y 

2.0 

220 

275 

330 

ns 

tPZH 

(Figures 2 and 4) 

4.5 

44 

55 

66 




6.0 

37 

47 

56 


tTLH- 

Maximum Output Transition Time, Any Output 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures 1 and 3) 

4.5 

12 

15 

18 




6.0 

10 

13 

15 


Qn 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 

Gout 

Maximum Three-State Output Capacitance 

— 

15 

15 

15 

pF 


(Output in High-Impedance State) 







NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 





Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Buffer)* 

40 


* Used to determine the no-load dynamic power consumption: Pq = CpD VQQ^f + Iqq Vqq, For load considerations, see Chapter 2. 


SWITCHING WAVEFORMS 




Vcc 

GND 

HIGH 

IMPEDANCE 

Vql 

Vqh 

HIGH 

IMPEDANCE 


Figure 2. 


TEST CIRCUITS 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


r± 


DEVICE 

UNDER 

TEST 


TEST POINT 

P 


OUTPUT 


1kQ 

-VA — 


Cl* 


CONNECT TO Vcc WHEN 
TESTING tpLZ and tpzL- 
CONNECT TO GND WHEN 
TESTING tpHZ and tpzH- 


* Includes all probe and jig capacitance 


* Includes all probe and jig capacitance 


Figure 3. 


Figure 4. 


MOTOROLA 


3-384 


High-Speed CMOS Logic Data 
DL129 — Rev6 













MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Hex 3-State Noninverting 
Buffer with Separate 2-Bit 
and 4-Bit Sections 

High-Performance Silicon-Gate CMOS 

The MC54/74HC367 is identical in pinout to the LS367. The device inputs 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

This device is arranged into 2-bit and 4-bit sections, each having its own 
active-low Output Enable. When either of the enables is high, the affected 
buffer outputs are placed into high-impedance states. The HC367 has 
noninverting outputs. 

• Output Drive Capability: 1 5 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 92 FETs or 23 Equivalent Gates 


LOGIC DIAGRAM 
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REV 6 


MOTOROLA 




MC54/74HC367 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

hn 

DC Input Current, per Pin 

±20 

mA 


DC Output Current, per Pin 

±35 

mA 


DC Supply Current, Vqq and GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 

Tstg 

Storage Temperature 

— 65 to + 1 50 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP; - 10 mW/°C from 65° to 125°C 

Ceramic DIP; - 10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 




Vin- Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 



ta 

Operating Temperature, All Package Types 



°C 

tr. tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc). 
Unused outputs must be left open. 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = Vcc -0.1V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

llouti — 20 |iA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

llouti — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|H 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

l^outl — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H Houtl ^ 0.0 mA 

4.5 

3.98 

3.84 

3.70 




Houtl ^ 7.8 mA 

6.0 

5.48 

5.34 

5.20 


VoL 

Maximum Low-Level Output 

_i 

> 

II 

c 

> 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

l^out^ — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V ||_ I'outl — 6.0 mA 

4.5 

0.26 

0.33 

0.40 




Houtl — 7.8 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

± 0.1 


± 1.0 

pA 

•oz 

Maximum Three-State Leakage 

Output in High-Impedance State 

6.0 

±0.5 





Current 

Vin = ViLor V|h 

Vout = Vcc or GND 



■ 



•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE; Information on typical parametric values can be found in Chapter 2. 


High-Speed CMOS Logic Data 
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MOTOROLA 
















MC54/74HC367 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 


Symbol 

Parameter 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Input A to Output Y 

2.0 

120 

150 

180 

ns 

tPHL 

(Figures 1 and 3) 

4.5 

24 

30 

36 




6.0 

20 

26 

31 


tPLZ. 

Maximum Propagation Delay, Output Enable to Output Y 

2.0 

175 

220 

265 

ns 

tPHZ 

(Figures 2 and 4) 

4.5 

35 

44 

53 




6.0 

30 

37 

45 


tpzu 

Maximum Propagation Delay, Output Enable to Output Y 

2.0 

190 

240 

285 

ns 

tPZH 

(Figures 2 and 4) 

4.5 

38 

48 

57 




6.0 

32 

41 

48 


tTLH- 

Maximum Output Transition Time, Any Output 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures 1 and 3) 

4.5 

12 

15 

18 




6.0 

10 

13 

15 


Cjn 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 

Gout 

Maximum Three-State Output Capacitance 

— 

15 

15 

15 

pF 


(Output in High-Impedance State) 







NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 





Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Buffer)* 

40 


* Used to determine the no-load dynamic power consumption: Pq = Cpo VQQ^f + |qq Vqc- For load considerations, see Chapter 2. 


SWITCHING WAVEFORMS 



OUTPUT ENABLE 


OUTPUT Y 

OUTPUT Y 



Figure 2. 


TEST CIRCUITS 


TEST POINT 



C 




OUTPUT 



DEVICE 



DEVICE 

UNDER 



UNDER 

TEST 

- 

I Cl* 

TEST 


- 

r 



TEST POINT 

Q 


OUTPUT 


1 kQ 

-WV 



CONNECT TO Vcc WHEN 
TESTING tpLZ and tpzL 
CONNECT TO GND WHEN 
TESTING tpHZ AND tpzH- 


* Includes all probe and jig capacitance 


* Includes all probe and jig capacitance 


Figure 3. 


Figure 4. 


MOTOROLA 


3-388 


High-Speed CMOS Logic Data 
DL129 — Rev6 










MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Hex 3-State Inverting Buffer 
with Separate 2- Bit and 
4- Bit Sections 

High-Performance Silicon-Gate CMOS 

The MC74HC368 is identical in pinout to the LS368. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

This device is arranged into 2-bit and 4-bit sections, each having its own 
active-low Output Enable. When either of the enables Is high, the affected 
buffer outputs are placed into high-impedance states. The HC368 has 
inverting outputs. 

• Output Drive Capability: 15 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 80 FETs or 20 Equivalent Gates 



LOGIC DIAGRAM 



MC74HC368 


N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 


ORDERING INFORMATION 

MC74HCXXXN Plastic 



PIN ASSIGNMENT 

OUTPUT r 
ENABLE 1 L 


16 

]Vcc 

A0[ 

2 

15 

T OUTPUT 
■* ENABLE 2 

Y0[ 

3 

14 

] A5 

A1[ 

4 

13 

]Y5 

Y1 [ 

5 

12 

] A4 

A2[ 

6 

11 

]Y4 

Y2[ 

7 

10 

] A3 

GNDC 

8 

9 

] Y3 






FUNCTION TABLE 


Inputs 1 

Output 

Enable 1 , 
Enable 2 

A 

Y 

L 

L 

H 

L 

H 

L 

H 

X 

Z 


X = don’t care 
Z = high-impedance 
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REV 6 





MC74HC368 


MAXIMUM RATINGS* 



Parameter 

Value 

Unit 


DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

^in 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vcc + 1 -5 

V 

'^out 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqc + 0.5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±35 


•cc 

DC Supply Current, Vqq and GND Pins 

±75 

IB^I 

Pd 

Power Dissipation in Still Air Plastic DlPf 

750 

E3SI 

^stg 

Storage Temperature 

-65 to + 150 

m 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 

(Plastic DIP) 

260 

m 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 


V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

KSMI 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

Q|l 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 



(Figure 1) 

Vcc = 4.5 V 

0 

500 

m 



Vcc = 6.0 V 

0 

400 

■ 


DC ELECTRICAL CHARACTERISTICS {Voltages Referenced to GND) 


















Parameter 

Test Conditions 





Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V 

2.0 

1.5 



V 


Voltage 

••out! — 20 }iA 

4.5 

3.15 







6.0 

4.2 




V|L 

Maximum Low-Level Input 

Vout = Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out^ — 20 |iA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 jiA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




V(n = V|L llout^ — 6.0 mA 

4.5 

3.98 

3.84 

3.70 




llout^ ^ 7.8 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

X 

> 

II 

c 

> 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = Vm llout^ — 6.0 mA 

4.5 

0.26 

0.33 

0.40 




••out^ — 7.8 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = VcC O'- GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•oz 

Maximum Three-State 

Output in High-Impedance State 

6.0 

±0.5 

±5.0 

±10 

pA 


Leakage Current 

Vin = V|LorV|H 

Vout = Vcc or GND 






•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

•out = 0 |iA 







NOTE; Information on typical parametric values can be found in Chapter 2. 
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MC74HC368 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 


Symbol 

Parameter 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Input A to Output Y 

2.0 

95 

120 

145 

ns 

tPHL 

(Figures 1 and 3) 

4.5 

19 

24 

29 




6.0 

16 

20 

25 


tPLZ. 

Maximum Propagation Delay, Output Enable to Output Y 

2.0 

175 

220 

265 

ns 

tPHZ 

(Figures 2 and 4) 

4.5 

35 

44 

53 




6.0 

30 

37 

45 


tpZL- 

Maximum Propagation Delay, Output Enable to Output Y 

2.0 

190 

240 

285 

ns 

tpZH 

(Figures 2 and 4) 

4.5 

38 

48 

57 




6.0 

32 

41 

48 


tTLH- 

Maximum Output Transition Time, Any Output 

2.0 

60 

75 

90 

ns 

^THL 

(Figures 1 and 3) 

4.5 

12 

15 

18 




6.0 

10 

13 

15 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 

^out 

Maximum Three-State Output Capacitance (Output in 

— 

15 

15 

15 

pF 


High-Impedance State 







NOTES; 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 





Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Buffer)* 

40 


* Used to determine the no-load dynamic power consumption; Pp = CpD VQc^f + Icc ''^CC- considerations, see Chapter 2. 


SWITCHING WAVEFORMS 




Vcc 

GND 

HIGH 

IMPEDANCE 

VOL 

Vqh 

HIGH 

IMPEDANCE 


Figure 2. 


TEST CIRCUITS 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

-T“ 


4 : 


DEVICE 

UNDER 

TEST 


OUTPUT 


TEST POINT 

Q 

1kQ 


-AAA/ 


Cl* 


CONNECT TO Vcc WHEN 
TESTING tpLz AND tpzL 
CONNECT TO GND WHEN 
TESTING tpHZ and tpzH- 


* Includes all probe and jig capacitance 


* Includes all probe and jig capacitance 


Figure 3. 


Figure 4. 


MOTOROLA 
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High-Speed CMOS Logic Data 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Octal 3-State Non-Inverting 
Tk'ansparent Latch 

High-Performance Silicon-Gate CMOS 



The MC54/74HC373A is identical in pinout to the LS373. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

These latches appear transparent to data (i.e., the outputs change 
asynchronously) when Latch Enable is high. When Latch Enable goes low, 
data meeting the setup and hold time becomes latched. 

The Output Enable Input does not affect the state of the latches, but when 
Output Enable Is high, all device outputs are forced to the high-impedance 
state. Thus, data may be latched even when the outputs are not enabled. 

The HC373A is identical in function to the HC573A which has the data 
inputs on the opposite side of the package from the outputs to facilitate PC 
board layout. 

The HC373A is the non-inverting version of the HC533A. 

• Output Drive Capability: 1 5 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 2.0 to 6.0 V 

• Low Input Current: 1 .0 |iA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 186 FETs or 46.5 Equivalent Gates 


LOGIC DIAGRAM 



Design Criteria 

Value 

Units 

Internal Gate Count* 

46.5 

ea 

Internal Gate Propagation Delay 

1.5 

ns 

Internal Gate Power Dissipation 

5.0 

pW 

Speed Power Product 

0.0075 

pj 


* Equivalent to a two-input NAND gate. 


MC54/74HC373A 


1 

J SUFFIX 

CERAMIC PACKAGE 
CASE 732-03 

■l 

N SUFFIX 

PLASTIC PACKAGE 
CASE 738-03 

20^^ 

1 

DW SUFFIX 

SOIC PACKAGE 
CASE 751 D-04 

20^^ 

1 

SD SUFFIX 

SSOP PACKAGE 
CASE 940C-03 

20^^ 

1 

DT SUFFIX 

TSSOP PACKAGE 
CASE 948E-02 

ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 

MC74HCXXXAN Plastic 

MC74HCXXXADW SOIC 

MC74HCXXXASD SSOP 

MC74HCXXXADT TSSOP 


PIN ASSIGNMENT 


OUTPUT r 

1* 

20 

ENABLE 
QO [ 

2 

19 

D0[ 

3 

18 

D1 C 

4 

17 

Q1 [ 

5 

16 

02 [ 

6 

15 

D2[ 

7 

14 

D3[ 

8 

13 

03 [ 

9 

12 

GND[ 

10 

11 


]Q7 
] 07 
] D6 
] Q6 
] Q5 
] D5 
] D4 
Q4 

LATCH 

ENABLE 


FUNCTION TABLE 


Inputs 1 

Output 

Output 

Latch 



Enable 

Enable 

D 

Q 

L 

H 

H 

H 

L 

H 

L 

L 

L 

L 

X 

No Change 

H 

X 

X 

Z 


X = Don’t Care 
Z = High Impedance 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqc + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

'in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±35 

mA 

•cc 

DC Supply Current, Vqc and GND Pins 

±75 

mA 

pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 



SSOP or TSSOP Packaget 

450 


Tstg 

Storage Temperature 

- 65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC, SSOP or TSSOP Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125° C 
SSOP or TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

"out' — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

"out' — 20 pA 

4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


Vqh 

Minimum High-Level Output 

Vin = V|H orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

"out' — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|Hor V|l 
" out' — 6.0 mA 

4.5 

3.98 

3.84 

3.7 




llout' ^ 7.8 mA 

6.0 

5.48 

5.34 

5.2 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 











Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 




Maximum Low-Level Output 

Vout = 0.1 VorVcc-0.1 V 

2.0 

0.1 

0.1 




Voltage 

llouti — 20 pA 

4.5 

0.1 

0.1 






6.0 

0.1 

0.1 





Vin = ViHorV|L 
llouti ^ 6.0 mA 

m 

0.26 

0.33 

0.4 




llouti — mA 

6.0 

0.26 

0.33 

0.4 


lin 

Maximum Input Leakage Current 

Vjn = ^cc O'" GND 


±0.1 




loz 

Maximum Three-State 

Output in High-Impedance State 

6.0 






Leakage Current 

Vin = V|LorViH 

Vout = Vcc or GND 






'cc 

Maximum Quiescent Supply 

V|n = Vqq or GND 

6.0 

4.0 



pA 


Current (per Package) 

llouti = 0 pA 







NOTE; I reformation on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6.0 ns) 



Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

- 55 to 
25° C 

< 85°C 

< 125°C 

103191 

Maximum Propagation Delay, Input D to Q 

2.0 

125 

155 

190 

ns 


(Figures 1 and 5) 

4.5 

25 


38 


nmmi 


6.0 

21 


32 



Maximum Propagation Delay, Latch Enable to Q 

2.0 

140 

175 

210 

ns 


(Figures 2 and 5) 

4.5 

28 

35 

42 


■■■ 


6.0 

24 

30 

36 


tPLZ 

Maximum Propagation Delay, Output Enable to Q 

2.0 


190 

225 


tPHZ 

(Figures 3 and 6) 

4.5 


38 

45 




6.0 


33 

38 

mm 

tpZL 

Maximum Propagation Delay, Output Enable to Q 

2.0 

150 

190 

225 

ns 

tpZH 

(Figures 3 and 6) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tTLH 

Maximum Output Transition Time, Any Output 

2.0 

60 


90 

ns 

tTHL 

(Figures 1 and 5) 

4.5 

12 


18 




6.0 

10 

13 

15 


Gin 

Maximum Input Capacitance 


10 

10 

10 

pF 

Gout 

Maximum Three-State Output Capacitance 


15 


15 

pF 


(Output in High-Impedance State) 







NOTE; For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 





Typical @ 25°C, Vcc = 5.0 V 

GPD 

Power Dissipation Capacitance (Per Enabled Output)* 

36 


* Used to determine the no-load dynamic power consumption; Pq = Cpo Vcc^f + ICC ^CC- load considerations, see Chapter 2. 
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TIMING REQUIREMENTS (C|_ = 50 pF, Input tr = tf = 6.0 ns) 

Symbol Parameter 

tsu Minimum Setup Time, Input D to Latch Enable 

th Minimum Hold Time, Latch Enable to Input D 


Guaranteed Limit 

„ -55to25°C < 85°C < 125°C 

Vcc 

Fig. Volts Min Max Min Max Min Max Unit 

4 2.0 25 30 40 ns 

4.5 5.0 6.0 8.0 

6.0 5.0 6.0 7.0 

4 2.0 5.0 5.0 5.0 ns 

4.5 5.0 5 0 5.0 

6.0 5.0 5.0 5.0 











MC54/74HC373A 


TEST CIRCUITS 


TEST POINT 



TEST POINT 



CONNECT TO Vcc WHEN 
TESTING tpLz AND tpzL- 
CONNECT TO GND WHEN 
TESTING tpHZ and tpzH- 


* Includes all probe and jig capacitance 


* Includes all probe and jig capacitance 


Figure 5. 


Figure 6. 


EXPANDED LOGIC DIAGRAM 


DO D1 D2 D3 D4 D5 D6 D7 



QO Q1 Q2 Q3 Q4 05 06 07 
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SEMICONDUCTOR TECHNICAL DATA 


Octal 3-State Noninverting 
Transparent Latch with 
LSTTL-Compatible Inputs 

High-Performance Silicon-Gate CMOS 

The MC54/74HCT373A may be used as a level converter for 
interfacing TTL or NMOS outputs to High-Speed CMOS inputs. 

The HCT373A is identical in pinout to the LS373. 

The eight latches of the HCT373A are transparent D-type latches. 
While the Latch Enable is high the Q outputs follow the Data Inputs. When 
Latch Enable is taken low, data meeting the setup and hold times 
becomes latched. 

The Output Enable does not affect the state of the latch, but when 
Output Enable is high, all outputs are forced to the high-impedance state. 
Thus, data may be latched even when the outputs are not enabled. 

The HCT373A is identical in function to the HCT573A, which has the 
input pins on the opposite side of the package from the output pins. This 
device is similar in function to the HCT533A, which has inverting outputs. 

• Output Drive Capability: 15 LSTTL Loads 

• TTL/NMOS-Compatible Input Levels 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 4.5 to 5.5 V 

• Low Input Current: 1 .0 pA 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 196 FETs or 49 Equivalent Gates 

LOGIC DIAGRAM 



Design Criteria 

Value 

Units 

Internal Gate Count* 

49 

ea. 

Internal Gate Propagation Delay 

1.5 

ns 

Internal Gate Power Dissipation 

5.0 

)iW 

Speed Power Product 

.0075 

pj 


* Equivalent to a two-input NAND gate. 


MC54/74HCT373A 


CERAMIC PACKAGE 

1 

CASE 732-03 

ifilfllKi^nnni 1 i PLASTIC PACKAGE 

ao*" p p 1) U K 

1 

CASE 738-03 


DW SUFFIX 

20 

1 

SOIC PACKAGE 
CASE 751 D-04 

20^^ 

1 

SD SUFFIX 

SSOP PACKAGE 
CASE 940C-03 

20^^ 

DT SUFFIX 

TSSOP PACKAGE 

1 

CASE 948E-02 

ORDERING INFORMATION 

MC54HCTXXXAJ 

Ceramic 

MC74HCTXXXAN 

Plastic 

MC74HCTXXXADW 

SOIC 

MC74HCTXXXASD 

SSOP 

MC74HCTXXXADT 

TSSOP 


PIN ASSIGNMENT 


OUTPUT r 
ENABLE 
Q0[ 2 


D0[ 3 
D1 [ 4 
Q1 [ 5 
02 [ 6 
D2[ 7 
D3[ 8 
03 [ 9 
GND[ 10 


20 ] Vcc 

19 ] 07 

18 ] D7 

17 ] D6 

16 ] 06 

15 ] 05 

14 ] D5 

13 ] D4 

12 ] 04 

11 ] LATCH 
T ENABLE 



FUNCTION TABLE 


Inputs 

Output 

Output 

Latch 



Enable 

Enable 

D 

Q 

L 

H 

H 

H 

L 

H 

L 

L 

L 

L 

X 

No Change 

H 

X 

X 

Z 


X = don’t care 
Z = high impedance 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

hn 

DC Input Current, per Pin 

±20 

mA 

'out 

DC Output Current, per Pin 

±35 

mA 

'cc 

DC Supply Current, Vqc snd GND Pins 

±75 

mA 

pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 



SSOP or TSSOP Packaget 

450 


^stg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC, SSOP or TSSOP Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
SSOP or TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

4.5 

5.5 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tptf 

Input Rise and Fall Time (Figure 1) 

0 

500 

ns 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

4.5 

2.0 

2.0 

2.0 

V 


Voltage 

llout' ^ 20 pA 

5.5 

2.0 

2.0 

2.0 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

4.5 

0.8 

0.8 

0.8 

V 


Voltage 

llout' ^ 20 pA 

5.5 

0.8 

0.8 

0.8 


VOH 

Minimum High-Level Output 

Vin = V|H orV|L 

4.5 

4.4 

4.4 

4.4 

V 


Voltage 

"out' — 20 pA 

5.5 

5.4 

5.4 

5.4 




Vin = ViH orV|L 
"out' — 0.0 mA 

4.5 

3.98 

3.84 

3.7 


VOL 

Maximum Low-Level Output 

V|n = V|H orV|L 

4.5 

0.1 

0.1 

0.1 

V 


Voltage 

"out' — 20 pA 

5.5 

0.1 

0.1 

0.1 




V|n = ViHorViL 
"out' — 0.0 mA 

4.5 

0.26 

0.33 

0.4i 


'in 

Maximum Input Leakage Current 

Vin = VcCorGMD 

5.5 

±0.1 

±1.0 

±1.0 

pA 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

o 

N 

Maximum Three-State 

Leakage Current 

Output in High-Impedance State 
Vin = V|LorV|H 

Vout = Vcc or GND 

5.5 

±0.5 

±5.0 

±10 

pA 

•cc 

Maximum Quiescent Supply 
Current (per Package) 

Vin = VcC or GND 
lout = 0 pA 




160 

pA 

^Icc 

Additional Quiescent Supply 
Current 

Vjn = 2.4 V, Any One Input 

Vin = Vcc or GND, Other Inputs 
lout = 0 pA 

5.5 

>-55°C 

25°Cto125'’C 

mA 

2.9 

2.4 


NOTE; 1. Total Supply Current = Icc + SAIcc- 

NOTE: Information on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V ± 10%, Cl = 50 pF, Input ^ = tf = 6.0 ns) 




Guaranteed Limit 


Symbol 

Parameter 

-55 to 
25°C 

< 85°C 

< 125°C 

Unit 

tPLH. 

tpHL 

Maximum Propagation Delay, Input D to Q 
(Figures 1 and 5) 

28 

35 

42 

ns 

tPLH. 

tPHL 

Maximum Propagation Delay, Latch Enable to Q 
(Figures 2 and 5) 

32 

40 

48 

ns 

tPLZ. 

tPHZ 

Maximum Propagation Delay, Output Enable to Q 
(Figures 3 and 6) 

30 

38 

45 

ns 

tpZL. 

tpZH 

Maximum Propagation Delay, Output Enable to Q 
(Figures 3 and 6) 

35 

44 

53 

ns 

tTLH. 

tTHL 

Maximum Output Transition Time, Any Output 
(Figures 1 and 5) 

12 

15 

18 

ns 

Qn 

Maximum Input Capacitance 

10 

10 

10 

pF 

Gout 

Maximum Three-State Output Capacitance 
(Output in High-Impedance State) 

15 

15 

15 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 





Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Latch)* 

65 


* Used to determine the no-load dynamic power consumption: Pq = Cpo VQQ^f + Iqq Vqq. For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Vcc = 5.0 V± 10%, Input tr = tf = 6.0 ns) 


Symbol 

Parameter 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

^su 

Minimum Setup Time, Input D to Latch Enable 
(Figure 4) 

10 

13 

15 

ns 

th 

Minimum Hold Time, Latch Enable to Input D 
(Figure 4) 

10 

13 

15 

ns 

tw 

Minimum Pulse Width, Latch Enable 
(Figure 2) 

12 

15 

18 


tr. tf 

Maximum Input Rise and Fall Times 
(Figure 1) 

500 

500 
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EXPANDED LOGIC DIAGRAM 


DO D1 


D2 D3 D4 D5 


D6 D7 


LATCH 

ENABLE 


OUTPUT 

ENABLE 



QO Q1 Q2 Q3 Q4 Q5 Q6 Q7 


SWITCHING WAVEFORMS 




Figure 1. 



Figure 2. 


OUTPUT 

ENABLE 

^ ; 

1 

riMH 


— tpzL tpLZ— 

^1.3 V 


V^IML/ 

HIGH .vini IT n 

IMPEDANCE 

10% — Vql 

, _ v^u latch ENABLE 

Q 


— tpzH tpHZ— ► 


° 1 

/ ^ 

^1.3V 

c90% ''OH . 

\^^HIGH 


■ VALID - 


)(Ei 


K 


"^^1.3 V 


-3V 

-GND 

-3V 

-GND 


Figure 3. 


Figure 4. 
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MC54/74HCT373A 


TEST CIRCUITS 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


4 : 


DEVICE 

UNDER 

TEST 


TEST POINT 

9 


OUTPUT 


1 kQ 

■WV 


Cl* 


CONNECT TO Vcc WHEN 
TESTING tpLzANDtpzL. 
CONNECT TO GND WHEN 
TESTING tpHZ ANDtpzH- 


* Includes all probe and jig capacitance 


* Includes all probe and jig capacitance 


Figure 5. 


Figure 6. 
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Octal 3-State 
Noninverting D Flip-Flop 

High-Performance Silicon-Gate CMOS 

The MC54/74HC374A is identical in pinout to the LS374. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

Data meeting the setup time is clocked to the outputs with the rising edge 
of the clock. The Output Enable input does not affect the states of the 
flip-flops, but when Output Enable is high, the outputs are forced to the 
high-impedance state; thus, data may be stored even when the outputs are 
not enabled. 

The HC374A is identical in function to the HC574A which has the input 
pins on the opposite side of the package from the output. This device is 
similar In function to the HC534A which has inverting outputs. 

• Output Drive Capability: 15 LSTTL Loads 

o Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2.0 to 6.0 V 

• Low Input Current: 1 .0 ]liA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 266 FETs or 66.5 Equivalent Gates 



LOGIC DIAGRAM 



FUNCTION TABLE 



Inputs 


Output 

Output 

Enable 

Clock 

D 

Q 

L 

V 

H 

H 

L 

J- 

L 

L 

L 

L,H,A. 

X 

No Change 

H 

X 

X 

Z 


X = don’t care 
Z = high impedance 


MC54/74HC374A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 732-03 

1 

N SUFFIX 

PLASTIC PACKAGE 
CASE 738-03 

20^^ 

1 

DW SUFFIX 

SOIC PACKAGE 
CASE 751 D-04 

20^^ 

1 

SD SUFFIX 

SSOP PACKAGE 
CASE 940C-03 

1 

DT SUFFIX 

TSSOP PACKAGE 
CASE 948E-02 

ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 

MC74HCXXXAN Plastic 

MC74HCXXXADW SOIC 

MC74HCXXXASD SSOP 

MC74HCXXXADT TSSOP 


PIN ASSIGNMENT 

OUTPUT r 
ENABLE *• 

1 ® 

20 

] Vcc 

QO [ 

2 

19 

] 07 

D0[ 

3 

18 

] D7 

D1 [ 

4 

17 

] D6 

Q1 [ 

5 

16 

] 06 

Q2[ 

6 

15 

] 05 

D2[ 

7 

14 

] D5 

D3[ 

8 

13 

] D4 

03 [ 

9 

12 

] 04 

GND[ 

10 

11 

] CLOCK 
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MAXIMUM RATINGS' 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to VcQ + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

— 0.5 to Vqq + 0.5 

V 

'in 

DC Input Current, per Pin 

±20 

mA 

'out 

DC Output Current, per Pin 

±35 

mA 

'cc 

DC Supply Current, Vqc and GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packagef 

500 



SSOP or TSSOP Packagef 

450 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC, SSOP or TSSOP Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
SSOP or TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ ^CC- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.50 

1.50 

1.50 

V 


Voltage 

"out' — 20 |iA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.20 

4.20 

4.20 


VlL 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.50 

0.50 

0.50 

V 


Voltage 

"out' — 20 pA 

4.5 

1.35 

1.35 

1.35 





6.0 

1.80 

1.80 

1.80 



Minimum High-Level Output 

Vin = V|H or V|l 

2.0 

1.90 

1.90 

1.90 

V 


Voltage 

"out' — 20 pA 

4.5 

4.40 

4.40 

4.40 





6.0 

5.90 

5.90 

5.90 




Vin = ViH or V|l 
" out' — 6.0 mA 

4.5 

3.98 

3.84 

■1 




llout' ^ 7.8 mA 

6.0 

5.48 

5.34 

mm 
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MC54/74HC374A 


TEST POINT 

O 

OUTPUT 

DEVICE 

UNDER 

TEST “T 


* Includes all probe and jig capacitance 

Figure 4. 


TEST CIRCUITS 


TEST POINT 



C 



OUTPUT 

1 ka 

DEVICE 

UNDER 

TEST 

I 

ZCl* 


- 

r 


CONNECT TO Vcc WHEN 
TESTING tpLzANDtpzL 
CONNECT TO GND WHEN 
TESTING tpHZ AND tpzH- 


* Includes all probe and jig capacitance 


Figure 5. 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Octal 3-State Noninverting 
D Flip-Flop with 
LSTTL-Compatible Inputs 

High-Performance Silicon-Gate CMOS 



The MC54/74HCT374A may be used as a level converter for 
interfacing TTL or NMOS outputs to High-Speed CMOS inputs. 

The HCT374A is identical in pinout to the LS374. 

Data meeting the setup and hold time is clocked to the outputs with the 
rising edge of Clock. The Output Enable does not affect the state of the 
flip-flops, but when Output Enable is high, the outputs are forced to the 
high-impedance state. Thus, data may be stored even when the outputs 
are not enabled. 

The HCT374A is identical in function to the HCT574A, which has the 
input pins on the opposite side of the package from the output pins. This 
device is similar in function to the HCT534A, which has inverting outputs. 

• Output Drive Capability: 1 5 LSTTL Loads 

• TTL/NMOS-Compatible Input Levels 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 4.5 to 5.5 V 

• Low Input Current: 1 .0 pA 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 276 FETs or 69 Equivalent Gates 

• Improvements over HCT374 

— Improved Propagation Delays 

— 50% Lower Quiescent Power 

— Improved Input Noise and Latchup Immunity 


LOGIC DIAGRAM 



NONINVERTING 

OUTPUTS 


Design Criteria 

Value 

Units 

Internal Gate Count* 

69 

ea. 

Internal Gate Propagation Delay 

1.5 

ns 

Internal Gate Power Dissipation 

5.0 

pW 

Speed Power Product 

.0075 

pj 


* Equivalent to a two-input NAND gate. 


MC54/74HCT374A 


CERAM?CPACKAGE 

-p |j 11 y L 1 “ 

1 

case 732-03 


N SUFFIX 

mOTinn mill plastic package 

20'' III HUM’' 

I 

CASE 738-03 


DW SUFFIX 

20^^ 

SOIC PACKAGE 

1 

CASE 751D-04 

20^^ 

SD SUFFIX 

SSOP PACKAGE 

1 

CASE 940C-03 


DT SUFFIX 

TSSOP PACKAGE 

1 

CASE 948E-02 

ORDERING INFORMATION 

MC54HCTXXXAJ 

Ceramic 

MC74HCTXXXAN 

Plastic 

MC74HCTXXXADW 

SOIC 

MC74HCTXXXASD 

SSOP 

MC74HCTXXXADT 

TSSOP 


PIN ASSIGNMENT 

OUTPUT r 
ENABLE '■ 


20 

] Vcc 

Q0[ 

2 

19 

] Q7 

D0[ 

3 

18 

] D7 

D1 [ 

4 

17 

] D6 

Q1 [ 

5 

16 

] Q6 

Q2[ 

6 

15 

] Q5 

D2[ 

7 

14 

] D5 

D3[ 

8 

13 

] D4 

Q3[ 

9 

12 

] Q4 

GND[ 

10 

11 

] CLOCK 






FUNCTION TABLE 



Inputs 


Output 

Output 

Enable 

Clock 

D 

Q 

L 

J~ 

H 

H 

L 

J- 

L 

L 

L 

L,H,A- 

X 

No Change 

H 

X 

X 

Z 


X = don’t care 
Z = high impedance 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to -i- 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vcc + 1-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 

V 

'in 

DC Input Current, per Pin 

±20 

mA 

'out 

DC Output Current, per Pin 

±35 

mA 

'cc 

DC Supply Current, Vqq and GND Pins 

±75 

mA 

pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Package! 

500 



SSOP or TSSOP Package! 

450 


Tstg 

Storage Temperature 

- 65 to -t- 150 

°C 

tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC, SSOP or TSSOP Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
SSOP or TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

4.5 

5.5 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tp tf 

Input Rise and Fall Time (Figure 1) 

0 

500 

ns 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

4.5 

2.0 

2.0 

2.0 

V 


Voltage 

"out' — 20 jiA 

5.5 

2.0 

2.0 

2.0 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

4.5 

0.8 

0.8 

0.8 

V 


Voltage 

"out' — 20 jiA 

5.5 

0.8 

0.8 

0.8 


VOH 

Minimum High-Level Output 

Vin = V|HorV|L 

4.5 

4.4 

4.4 

4.4 

V 


Voltage 

"out' — 20 pA 

5.5 

5.4 

5.4 

5.4 




Vin = V|H orV|L 
"out' — 0.0 mA 

4.5 

3.98 

3.84 

3.7 


VOL 

Maximum Low-Level Output 

Vin = V|H or V|l 

4.5 

0.1 

0.1 

0.1 

V 


Voltage 

"out' — 20 pA 

5.5 

0.1 

0.1 

0.1 




Vin = V|H orV|L 
"out' — 0.0 mA 

4.5 

0.26 

0.33 

0.4 


'in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

5.5 

±0.1 

±1.0 

±1.0 

pA 
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MC54/74HCT374A 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

•oz 

Maximum Three-State 

Leakage Current 

Output in High-Impedance State 
Vin = V|LorV|H 

Vout = VeC or GND 

5.5 

±0.5 

±5.0 

±10 

pA 

Icc 

Maximum Quiescent Supply 
Current (per Package) 

Vin = VcC or GND 
•out = 0 pA 

5.5 

4.0 

40 

160 

pA 


Alee 


Additional Quiescent Supply 
Current 


Vjn = 2.4 V, Any One Input 
Vjn = Vcc O'" GND, Other Inputs 
•out = 0 pA 


5.5 


>-55°C 

25°Cto125°C 

2.9 

2.4 


mA 


NOTE: 1 . Total Supply Current = Iqq + EAIqq. 

NOTE: Information on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Vec = 5.0 V ± 10%, Cl = 50 pF, Input V = tf = 6.0 ns) 


Symbol 

Parameter 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

(Figures 1 and 4) 

30 

24 

20 

MHz 

tPLH. 

tPHL 

Maximum Propagation Delay, Clock to Q 
(Figures 1 and 4) 

31 

39 

47 

ns 

tPLZ. 

tpHZ 

Maximum Propagation Delay, Output Enable to Q 
(Figures 2 and 5) 

30 

38 

45 

ns 

tpZL. 

tpZH 

Maximum Propagation Delay, Output Enable to Q 
(Figures 2 and 5) 

30 

38 

45 

ns 

tTLH. 

tTHL 

Maximum Output Transition Time, Any Output 
(Figures 1 and 4) 

12 

15 

18 

ns 

Cin 

Maximum Input Capacitance 

10 

10 

10 

pF 

^out 

Maximum Three-State Output Capacitance 
(Output in High-Impedance State) 

15 

15 

15 

pF 


NOTE: For propagation delays with loads other than 50 pF, and Information on typical parametric values, see Chapter 2. 





Typical @ 25°C, Vqc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Flip-Flop)* 

65 


* Used to determine the no-load dynamic power consumption: Pq = CpD VQQ^f + Iqq Vqq, For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Vqq = 5.0 V±10%, lnputtr = tf = 6.0 ns) 


Symbol 

Parameter 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tsu 

Minimum Setup Time, Data to Clock 
(Figure 3) 

12 

15 

18 

ns 

th 

Minimum Hold Time, Clock to Data 
(Figure 3) 

5.0 

5.0 

5.0 

ns 

tw 

Minimum Pulse Width, Clock 
(Figure 1) 

12 

15 

18 

ns 

tr.tf 

Maximum Input Rise and Fall Times 
(Figure 1) 

1 

500 

500 

500 

ns 
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SWITCHING WAVEFORMS 




DATA 


■ VALID - 




}( 


3V 

GND 


CLOCK 



3V 

GND 


Figure 3. 


TEST POINT 



cp 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


-± 


TEST CIRCUITS 


DEVICE 

UNDER 

TEST 


TEST POINT 

9 


OUTPUT 


1 kQ 

-wv 


Cl* 


CONNECT TO Vcc WHEN 
TESTING tpLzAND tpzL 
CONNECT TO GND WHEN 
TESTING tpHZ and tpzH 



* Includes all probe and jig capacitance 


* Includes all probe and jig capacitance 


Figure 4. 


Figure 5. 


EXPANDED LOGIC DIAGRAM 

DO D1 D2 D3 D4 D5 D6 D7 
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Dual 4-Stage Binary 
Ripple Counter with 
^ 2 and ^ 5 Sections 

High-Performance Silicon-Gate CMOS 



The MC54/74HC390 is identical in pinout to the LS390. The device inputs 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

This device consists of two independent 4-bit counters, each composed 
of a divide-by-two and a divide-by-five section. The divide-by-two and 
divide-by-five counters have separate clock inputs, and can be cascaded to 
implement various combinations of -5- 2 and/or -5- 5 up to a - 5 - 100 counter. 

Flip-flops internal to the counters are triggered by high-to-low transitions 
of the clock input. A separate, asynchronous reset is provided for each 4-bit 
counter. State changes of the Q outputs do not occur simultaneously 
because of Internal ripple delays. Therefore, decoded output signals are 
subject to decoding spikes and should not be used as clocks or strobes 
except when gated with the Clock of the HC390. 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No7A 

® Chip Complexity: 244 FETs or 61 Equivalent Gates 


LOGIC DIAGRAM 


CLOCK A 


CLOCK B 


1,15 


4,12 


-2 

3,13 

> COUNTER 


1 



5, 11 


6,10 

s 

^ COUNTER 

7,9 


Qa 


Qb 

Qc 

Qd 


RESET 


2,14 


PIN16 = Vcc 
PIN8 = GND 


MC54/74HC390 


J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 


N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 


D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 


ORDERING INFORMATION 

MC54HCXXXJ Ceramic 
MC74HCXXXN Plastic 
MC74HCXXXD SOIC 
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MC54/74HC390 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqc + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqc + 0.5 

V 

'in 

DC Input Current, per Pin 

±20 

mA 

'out 

DC Output Current, per Pin 

±25 

mA 

'cc 

DC Supply Current, Vcc ^nd GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic or SOIC DIP) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 1 25°C 
For high frequency or heavy load considerations, see Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 


Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 


m 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1 ) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ ^CC- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc). 
Unused outputs must be left open. 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 


Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 


1.5 


1.5 

V 


Voltage 

"out' — 20 pA 


3.15 


3.15 





6.0 

4.2 


4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

"out' — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 



Minimum High-Level Output 

Vin = ViH orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

"out' — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l "out' ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llout' ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 



Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

"out' — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V(l Hout' ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




"out' — 6.2 mA 

6.0 

0.26 

0.33 

0.40 


'in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

'cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tf = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85° C 

< 125°C 

fmax 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

5.4 

4.4 

3.6 

MHz 


(Figures 1 and 3) 

4.5 

27 

22 

18 




6.0 

32 

26 

21 


tPLH. 

Maximum Propagation Delay, Clock A to QA 

2.0 

120 

150 

180 

ns 

tpHL 

(Figures 1 and 3) 

4.5 

24 

30 

36 




6.0 

20 

26 

31 


tPLH. 

Maximum Propagation Delay, Clock A to QC 

2.0 

290 

365 

435 

ns 

tPHL 

(QA connected to Clock B) 

4.5 

58 

73 

87 



(Figures 1 and 3) 

6.0 

49 

62 

74 


tPLH. 

Maximum Propagation Delay, Clock B to QB 

2.0 

130 

165 

195 

ns 

tPHL 

(Figures 1 and 3) 

4.5 

26 

33 

39 




6.0 

22 

28 

33 


tPLH. 

Maximum Propagation Delay, Clock B to QC 

2.0 

185 

230 

280 

ns 


(Figures 1 and 3) 

4.5 

37 

46 

56 


■■■ 


6.0 

31 

39 

48 



Maximum Propagation Delay, Clock B to QD 

2.0 

130 

165 

195 

ns 


(Figures 1 and 3) 

4.5 

26 

33 

39 


imi 


6.0 

22 

28 

33 


tPHL 

Maximum Propagation Delay, Reset to any Q 

2.0 

165 

205 

250 

ns 


(Figures 2 and 3) 

4.5 

33 

41 

50 




6.0 

28 

35 

43 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 3) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 





Typicai @ 25°C, Vcc = 5.0 V 

CPD 

Power Dissipation Capacitance (Per Counter)* 

35 


* Used to determine the no-load dynamic power consumption: Pq = Cpo VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Input tr = tf = 6 ns) 


Symbol 

Parameter 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tree 

Minimum Recovery Time, Reset Inactive to Clock A or Clock B 

2.0 

50 

65 




(Figure 2) 

4.5 

10 

13 

mSM 




6.0 

9 

11 


■1 

tw 

Minimum Pulse Width, Clock A, Clock B 

2.0 

80 

100 




(Figure 1) 

4.5 

16 

20 

HI 




6.0 

14 

17 



tw 

Minimum Pulse Width, Reset 

2.0 

125 


190 

ns 


(Figure 2) 

4.5 



38 




6.0 



32 


tf.tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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PIN DESCRIPTIONS 


INPUTS 

Clock A (Pins 1,15) and Clock B (Pins 4, 15) 

Clock A is the clock input to the ^ 2 counter; Clock B is the 
clock input to the 5 counter. The internal flip-flops are 
toggled by high-to-low transitions of the clock input. 

CONTROL INPUTS 
Reset (Pins 2, 14) 

Asynchronous reset. A high at the Reset input prevents 
counting, resets the internal flip-flops, and forces Qa through 
Qd low. 


OUTPUTS 

Qa (Pins 3, 13) 

Output of the ^ 2 counter. 

Qb. Oc, Qd (Pins 5, 6, 7, 9, 10, 11) 

Outputs of the ^ 5 counter. Op is the most significant bit. 
Qa is the least significant bit when the counter is connected 
for BCD output as in Figure 4. Qb is the least significant bit 
when the counter is operating in the bi-quinary mode as in 
Figure 5. 


SWITCHING WAVEFORMS 



Figure 1. 



Figure 2. 



TEST CIRCUIT 

TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


-i 


* Includes all probe and jig capacitance 

Figure 3. 
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CLOCK A 


CLOCK B 


RESET 


EXPANDED LOGIC DIAGRAM 


1,15 


4,12 






Qa 


Qb 


Qc 


Qd 


TIMING DIAGRAM 
(Qa Connected to Clock B) 


lo li I2I3I4I5I6I7I8I9I0I1I2I3I4I5I el 

CLOCK A _njn_jn_jn_jn_jn_jnjn_jn_jnjnjnjn_jn^ 

RESET J I 


QaH 


Qb. 

Qc" 


■i__rn_r^ 

^ L 


Qd 
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APPLICATIONS INFORMATION 


Each half of the MC54/74HC390 has independent 2 and 
5 sections (except for the Reset function). The 2 and ^ 5 
counters can be connected to give BCD or bi-quinary (2-5) 
count sequences. If Output Qa is connected to the Clock B 
input (Figure 4), a decade divider with BCD output is 
obtained. The function table for the BCD count sequence is 
given in Table 1. 


To obtain a bi-quinary count sequence, the input signals 
connected to the Clock B input, and output Qq is connected 
to the Clock A input (Figure 5). Qa provides a 50% duty cycle 
output. The bi-quinary count sequence function table is 
given in Table 2. 


Table 1. BCD Count Sequence* 


Count 

Output 

Qd 

Qc 

Qb 

Qa 

0 

L 

L 

L 

L 

1 

L 

L 

L 

H 

2 

L 

L 

H 

L 

3 

L 

L 

H 

H 

4 

L 

H 

L 

L 

5 

L 

H 

L 

H 

6 

L 

H 

H 

L 

7 

L 

H 

H 

H 

8 

H 

L 

L 

L 

9 

H 

L 

L 

H 


* Qa connected to Clock B input. 


Table 2. Bi-Quinary Count Sequence** 


Count 

Output 

Qa 

Qd 

Qc 

Qb 

0 

L 

L 

L 

L 

1 

L 

L 

L 

H 

2 

L 

L 

H 

L 

3 

L 

L 

H 

H 

4 

L 

H 

L 

L 

8 

H 

L 

L 

L 

9 

H 

L 

L 

H 

10 

H 

L 

H 

L 

11 

H 

L 

H 

H 

12 

H 

H 

L 

L 


**Qd connected to Clock A input. 


CONNECTION DIAGRAMS 


CLOCK A 


CLOCKS 


RESET 


1,15 




-2 
COUNTER 


4,12 


2,14 


4 > 


COUNTER 



3,13 

— 

5,11 


6,10 


7,9 


Qa 


Qb 

Qc 

Qd 


1,15 


CLOCK A 


CLOCKS 


RESET 


-^2 
COUNTER 


4,12 


2,14 


-d> -^5 

[counter 


3,13 


5,11 


6,10 


7,9 


Qa 


Qb 

Qc 

Qd 



Figure 4. BCD Count 


Figure 5. Bi-Quinary Count 
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Product Preview 

Dual 4-Stage Binary 
Ripple Counter with 
^ 2 and h- 5 Sections 

High-Performance Silicon-Gate CMOS 


The MC54/74HC390A is identical in pinout to the LS390. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

This device consists of two independent 4-bit counters, each composed 
of a divide-by-two and a divide-by-five section. The divide-by-two and 
divide-by-five counters have separate clock inputs, and can be cascaded to 
implement various combinations of 2 and/or 5 up to a 100 counter. 

Flip-flops internal to the counters are triggered by high-to-low transitions 
of the clock input. A separate, asynchronous reset is provided for each 4-bit 
counter. State changes of the Q outputs do not occur simultaneously 
because of internal ripple delays. Therefore, decoded output signals are 
subject to decoding spikes and should not be used as clocks or strobes 
except when gated with the Clock of the HC390A. 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 uA 


No 7 A 

• Chip Complexity: 244 FETs or 61 Equivalent Gates 


High Noise Immunity Characteristic of CMOS Devices 
In Compliance with the Requirements Defined by JEDEC Standard 


LOGIC DIAGRAM 


CLOCK A 


CLOCKS 


RESET 



PIN16 = Vcc 

PIN8 = GND 


This document contains information on a product under development. Motorola reserves the right 
to change or discontinue this product without notice. 


MC54/74HC390A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 



N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 



D SUFFIX 

SOIC PACKAGE 
CASE 751B-05 



DT SUFFIX 

TSSOP PACKAGE 
CASE 948F-01 


ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 
MC74HCXXXAN Plastic 

MC74HCXXXAD SOIC 

MC74HCXXXADT TSSOP 


PIN ASSIGNMENT 


CLOCK Aa [ 

1o 

16 

] Vcc 

RESET a [ 

2 

15 

] CLOCK Ab 

^Aa C 

3 

14 

] RESET b 

CLOCK BgC 

4 

13 

] QAb 

QBa [ 

5 

12 

] CLOCK Bb 

QCaC 

6 

11 

]QBb 

QOaC 

7 

10 

]QCb 

GND[ 

8 


] Qob 


FUNCTION TABLE 


Clock 

A B 

Reset 

Action 

X X 

H 

Reset 
-j- 2 and 5 

A. X 

L 

Increment 

-2 

X ^ 

L 

Increment 

-5 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

|[|QQ|[| 

DC Output Current, per Pin 

±25 

mA 


DC Supply Current, Vqc and GND Pins 

±50 

mA 

Hi 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


ll^ii 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


n 


Plastic DIP, SOIC or TSSOP Package 

260 

Hi 


(Ceramic DIP) 

300 

■ 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°Cfrom 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 


Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 


6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 



m 

tptf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 3.0 V 

0 

600 




Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 



Parameter 

Test Conditions 

< 

<o 

o 




< 85°C 



Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 




Voltage 

••out! ^ 20 pA 

3.0 

2.1 

2.1 






4.5 

3.15 

3.15 






6.0 

4.2 

4.2 




Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

••out^ ^ 20 (lA 

3.0 

0.9 

0.9 

0.9 





4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


VOH 

Minimum High-Level Output 

Vin = V|H orV|L 

2.0 

1.9 


1.9 



Voltage 

••out^ — 20 (lA 

4.5 

4.4 


4.4 





6.0 

5.9 


5.9 




Vin = V|HorV|L llout's 2.4 mA 

3.0 

2.48 


2.20 




llouti ^ 4.0 mA 

4.5 

3.98 


3.70 




••out^ — 5.2 mA 

6.0 

5.48 

5.34 

5.20 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 











Vcc 

-55 to 


■M 


Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

^9 


VoL 

Maximum Low-Level Output 

Vin = V|H or V|l 

2.0 

0.1 

0.1 




Voltage 

"out' — 20 pA 

4.5 

0.1 

0.1 






6.0 

0.1 

0.1 






3.0 


0.33 

0.40 





4.5 

0.26 

0.33 

0.40 





6.0 

0.26 

0.33 

0.40 


'in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 


'cc 

Maximum Quiescent Supply 

Vjn = Vcc or GND 

6.0 

4 

40 

160 

pA 


Current (per Package) 

'out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tf = tf = 6 ns) 


Symbol 

Parameter 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

10 

9 

8 

MHz 


(Figures 1 and 3) 

3.0 

15 

14 

12 




4.5 

30 

. 28 

25 




6.0 

50 

45 

40 


tPLH. 

Maximum Propagation Delay, Clock A to QA 

2.0 

70 

80 

90 

ns 

tPHL 

(Figures 1 and 3) 

3.0 

40 

45 

50 




4.5 

20 

25 

30 




6.0 

16 

21 

27 


tPLH. 

Maximum Propagation Delay, Clock A to QC 

2.0 

200 

250 

300 


tPHL 

(QA connected to Clock B) 

3.0 

160 

185 

210 



(Figures 1 and 3) 

4.5 

35 

45 

60 




6.0 

30 

40 

50 


tPLH. 

Maximum Propagation Delay, Clock B to QB 

2.0 

70 

80 

90 

ns 

tPHL 

(Figures 1 and 3) 

3.0 

40 

45 

50 




4.5 

20 

25 

30 




6.0 

16 

21 

27 


tPLH. 

Maximum Propagation Delay, Clock B to QC 

2.0 

90 

105 

180 

ns 

tPHL 

(Figures 1 and 3) 

3.0 

56 

70 

100 




4.5 

32 

38 

45 




6.0 

25 

31 

40 


tPLH. 

Maximum Propagation Delay, Clock B to QD 

2.0 

70 

80 

■■ 

ns 

tPHL 

(Figures 1 and 3) 

3.0 

40 

45 

msM 




4.5 

20 

25 

30 




6.0 

16 

21 

27 


tPHL 

Maximum Propagation Delay, Reset to any Q 

2.0 

80 

95 

110 



(Figures 2 and 3) 

3.0 

48 

65 

75 




4.5 

28 

32 

40 




6.0 

21 

25 

30 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tf = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tTLH- 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 3) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

15 

19 


Qn 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5 0 V 

CpD 

Power Dissipation Capacitance (Per Counter)* 

35 


* Used to determine the no-load dynamic power consumption; Pq = CpD VQQ^f + Iqq Vqq. For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Input ^ = tf = 6 ns) 


Symbol 

Parameter 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

Vec 

Minimum Recovery Time, Reset Inactive to Clock A or Clock B 

2.0 

25 

30 

40 

ns 


(Figure 2) 

3.0 

15 

20 

30 




4.5 

5 

6 

10 




6.0 

5 

5 

7 


tw 

Minimum Pulse Width, Clock A, Clock B 

2.0 

75 

95 

110 

ns 


(Figure 1 ) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

15 

19 


tw 

Minimum Pulse Width, Reset 

2.0 

75 

95 

110 

ns 


(Figure 2) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

15 

19 


tf- tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

3.0 

800 

800 

800 




4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found In Chapter 2. 
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PIN DESCRIPTIONS 


INPUTS 

Clock A (Pins 1,15) and Clock B (Pins 4, 15) 

Clock A is the clock input to the - 2 counter; Clock B is the 
clock input to the ^ 5 counter. The internal flip-flops are 
toggled by high-to-low transitions of the clock input. 

CONTROL INPUTS 
Reset (Pins 2, 14) 

Asynchronous reset. A high at the Reset input prevents 
counting, resets the internal flip-flops, and forces Qa through 
Qd low. 


OUTPUTS 

Qa (Pins 3, 13) 

Output of the -5- 2 counter. 

Qb, Oc, Qd (Pins 5, 6, 7, 9, 10, 11) 

Outputs of the -i- 5 counter. Qd is the most significant bit. 
Qa is the least significant bit when the counter is connected 
for BCD output as in Figure 4. Qb is the least significant bit 
when the counter is operating in the bi-quinary mode as in 
Figure 5. 


SWITCHING WAVEFORMS 





Figure 1. 


Figure 2. 


TEST CIRCUIT 

TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T" 




* Includes all probe and jig capacitance 

Figure 3. 


V 
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APPLICATIONS INFORMATION 


Each half of the MC54/74HC390A has independent 2 
and -4- 5 sections (except for the Reset function). The ^ 2 and 
5 counters can be connected to give BCD or bi-quinary 
(2-5) count sequences. If Output Qa is connected to the 
Clock B input (Figure 4), a decade divider with BCD output is 
obtained. The function table for the BCD count sequence Is 
given in Table 1 . 


To obtain a bl-quinary count sequence, the input signals 
connected to the Clock B input, and output Qp Is connected 
to the Clock A input (Figure 5). Qa provides a 50% duty cycle 
output. The bi-quInary count sequence function table is 
given in Table 2. 



Table 1 . BCD Count Sequence* 


Count 

Output 

Qd 

Qc 

Qb 

Qa 

0 

L 

L 

L 

L 

1 

L 

L 

L 

H 

2 

L 

L 

H 

L 

3 

L 

L 

H 

H 

4 

L 

H 

L 

L 

5 

L 

H 

L 

H 

6 

L 

H 

H 

L 

7 

L 

H 

H 

H 

8 

H 

L 

L 

L 

9 

H 

L 

L 

H 


* Qa connected to Clock B input. 


Table 2. Bi~Quinary Count Sequence** 


Count 

Output 

Qa 

Qd 

Qc 

Qb 

0 

L 

L 

L 

L 

1 

L 

L 

L 

H 

2 

L 

L 

H 

L 

3 

L 

L 

H 

H 

4 

L 

H 

L 

L 

8 

H 

L 

L 

L 

9 

H 

L 

L 

H 

10 

H 

L 

H 

L 

11 

H 

L 

H 

H 

12 

H 

H 

L 

L 


** Qd connected to Clock A input. 


CONNECTION DIAGRAMS 


CLOCK A 


CLOCK B 


RESET 


1,15 


4,12 


2,14 


"icOUNTER 




-5 


COUNTER 



3,13 

— 

5,11 


6,10 


7,9 


Qa 


Qb 

Qc 

Qd 


CLOCK A 


1,15 




-2 
COUNTER 


CLOCK B -iiiL. 


RESET ■ 


2,14 


3,13 


<^> -^5 

COUNTER 


5,11 


6,10 

7,9 


Qa 


Qb 

Qc 

Qd 


Figure 4. BCD Count 


Figure 5. Bi-Quinary Count 
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Dual 4-Stage 
Binary Ripple Counter 

High-Performance Silicon-Gate CMOS 

The MC54/74HC393 is identical in pinout to the LS393. The device inputs 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

This device consists of two independent 4-bit binary ripple counters with 
parallel outputs from each counter stage. A 256 counter can be obtained 
by cascading the two binary counters. 

Internal flip-flops are triggered by high-to-low transitions of the clock 
input. Reset for the counters is asynchronous and active-high. State 
changes of the Q outputs do not occur simultaneously because of internal 
ripple delays. Therefore, decoded output signals are subject to decoding 
spikes and should not be used as clocks or as strobes except when gated 
with the Clock of the HC393. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
N0.7A 

• Chip Complexity: 236 FETs or 59 Equivalent Gates 


LOGIC DIAGRAM 


CLOCK 


RESET 


1.13 

V BINARY • 
COUNTER . 


2,12 

ZD 



3,11 

4,10 

5,9 

6,8 


Q1 

Q2 

Q3 

04 


PlN14 = Vcc 
PIN7 = GND 


MC54/74HC393 



J SUFFIX 

CERAMIC PACKAGE 
CASE 632-08 



N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 



D SUFFIX 

SOIC PACKAGE 
CASE 751 A-03 


ORDERING INFORMATION 

MC54HCXXXJ Ceramic 

MC74HCXXXN Plastic 

MC74HCXXXD SOIC 


PIN ASSIGNMENT 

CLOCK a [ 

1 • 

14 

] Vcc 

RESET a [ 

2 

13 

] CLOCK b 

Ola [ 

3 

12 

] RESET b 

Q2a[ 

4 

11 

]Q1b 

Q3a[ 

5 

10 

]Q2b 

Q-taC 

6 

9 

]Q3b 

GND [ 

7 

8 

o 

cr 



FUNCTION TABLE 


Inputs I 

Outputs 

Clock 

Reset 

X 

H 

L 

H 

L 

No Change 

L 

L 

No Change 

y' 

L 

No Change 

■V 

L 

Advance to 



Next State 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

-0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqq + 1 .5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

-0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqc ^i^cI GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 


"^stg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic or SOIC DIP) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 



Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out! — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

lloutJ ^ 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|H orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l Houtl ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llout^ ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out! — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l Hout^ ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




••out^ ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vjn = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

5.4 

4.4 

3.6 

MHz 


(Figures 1 and 3) 

4.5 

27 

22 

18 




6.0 

32 

26 

21 


tPLH. 

Maximum Propagation Delay, Clock to Q1 

2.0 

120 

150 

180 

ns 

tPHL 

(Figures 1 and 3) 

4.5 

24 

30 

36 




6.0 

20 

26 

31 


tPLH. 

Maximum Propagation Delay, Clock to Q2 

2.0 

190 

240 

285 

ns 

tPHL 

(Figures 1 and 3) 

4.5 

38 

48 

57 




6.0 

32 

41 

48 


tPLH. 

Maximum Propagation Delay, Clock to Q3 

2.0 

240 

300 

360 

ns 

tPHL 

(Figures 1 and 3) 

4.5 

48 

60 

72 




6.0 

41 

51 

61 


tPLH. 

Maximum Propagation Delay, Clock to 04 

2.0 

290 

365 

435 

ns 

tPHL 

(Figures 1 and 3) 

4.5 

58 

73 

87 




6.0 

49 

62 

74 


tPHL 

Maximum Propagation Delay, Reset to any Q 

2.0 

165 

205 

250 

ns 


(Figures 2 and 3) 

4.5 

33 

41 

50 




6.0 

28 

35 

43 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 3) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Qn 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 





Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Counter)* 

40 


* Used to determine the no-load dynamic power consumption: Pq = CpQ Vqq^I + |qq Vqq. For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Input ^ = tf = 6 ns) 


Symbol 

Parameter 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125“C 

Vec 

Minimum Recovery Time, Reset Inactive to Clock 

2.0 

50 

65 

75 

ns 


(Figure 2) 

4.5 

10 

13 

15 




6.0 

9 

11 

13 


tw 

Minimum Pulse Width, Clock 

2.0 

80 

100 

120 

ns 


(Figure 1 ) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tw 

Minimum Pulse Width, Reset 

2.0 

125 

155 

190 

ns 


(Figure 2) 

4.5 

25 

31 

38 




6.0 

21 

26 

32 


tr. tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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PIN DESCRIPTIONS 


INPUTS 

Clock (Pins 1,13) 

Clock input. The internal flip-flops are toggled and the 
counter state advances on high-to-low transitions of the 
clock input. 

CONTROL INPUTS 
Reset (Pins 2, 1 2) 

Active-high, asynchronous reset. A separate reset is pro- 


vided for each counter. A high at the Reset input prevents 
counting and forces all four outputs low. 

OUTPUTS 

01, 02, 03, 04 (Pins 3, 4, 5, 6, 8, 9, 10, 11) 

Parallel binary outputs Q4 Is the most significant bit. 


SWITCHING WAVEFORMS 
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Product Preview 

Dual 4-Stage 
Binary Ripple Counter 

High-Performance Silicon-Gate CMOS 



The MC54/74HC393A is identical in pinout to the LS393. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

This device consists of two independent 4-bit binary ripple counters with 
parallel outputs from each counter stage. A ^ 256 counter can be obtained 
by cascading the two binary counters. 

Internal flip-flops are triggered by high-to-low transitions of the clock 
input. Reset for the counters is asynchronous and active-high. State 
changes of the Q outputs do not occur simultaneously because of internal 
ripple delays. Therefore, decoded output signals are subject to decoding 
spikes and should not be used as clocks or as strobes except when gated 
with the Clock of the HC393A. 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 236 FETs or 59 Equivalent Gates 


LOGIC DIAGRAM 


CLOCK 


RESET 


1,13 


2,12 


.BINARY 

COUNTER 


3,11 

4,10 

5,9 

6,8 


01 

02 

03 

04 


PIN14 = Vcc 

PIN7 = GND 


MC54/74HC393A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 632-08 



N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 



D SUFFIX 

SOIC PACKAGE 
CASE751A-03 


DT SUFFIX 

14 TSSOP PACKAGE 

7 CASE 948G-01 


ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 
MC74HCXXXAN Plastic 

MC74HCXXXAD SOIC 

MC74HCXXXADT TSSOP 


PIN ASSIGNMENT 

CLOCK a [ 

1 • 

14 

]Vcc 

RESET a [ 

2 

13 

] CLOCK b 

Q'aC 

3 

12 

] RESET b 

Q2a[ 

4 

11 

]Qib 

Q3a[ 

5 

10 

]Q2b 

Q4ai: 

6 

9 

]Q3b 

GND [ 

7 

8 

]Q4b 


FUNCTION TABLE 


Inputs 1 


Clock 

Reset 

Outputs 

X 

H 

L 

H 

L 

No Change 

L 

L 

No Change 

J~ 

L 

No Change 

■V 

L 

Advance to 
Next State 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5toVcc + L5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqc arid GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Package! 

500 



TSSOP Package! 

450 


Tstg 

Storage Temperature 

- 65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


Plastic DIP, SOIC or TSSOP Package 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
fDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr. tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 



Vqq = 3.0 V 

0 

600 



(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

Vcc 

v 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out^ — 20 |iA 

3.0 

2.1 

2.1 

2.1 





4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


VlL 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

••out^ — 20 jxA 

3.0 

0.9 

0.9 

0.9 





4.5 

1.35 

1.35 

1.35 





6.0 

1.80 

1.80 

1.80 


VOH 

Minimum High-Level Output 

Vin = V|H orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out! — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or Vil llout^ ^ 2.4 mA 

3.0 

2.48 

2.34 

2.20 




••out^ ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llout^ ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85° C 

< 125°C 

Unit 

VOL 

Maximum Low-Level Output 

Vin = V|H or V|l 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out! — 20 |xA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l Uout* ^ 2.4 mA 

3.0 

0.26 

0.33 

0.40 




llouti ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llout' ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = VcC orGND 

6.0 

±0.1 

±1.0 

±1.0 

|iA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

4 

40 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 





Guaranteed Limit 




Vcc 

-55 to 




Symbol 

Parameter 

V 

25°C 

< 85°C 

< 125°C 

Unit 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

10 

9 

8 

MHz 


(Figures 1 and 3) 

3.0 

15 

14 

12 




4.5 

30 

28 

25 




6.0 

50 

45 

40 


tPLH> 

Maximum Propagation Delay, Clock to Q1 

2.0 

70 

80 

90 

ns 

tPHL 

(Figures 1 and 3) 

3.0 

40 

45 

50 




4.5 

20 

25 

30 




6.0 

16 

21 

27 


^PLH. 

Maximum Propagation Delay, Clock to Q2 

2;o 

90 

105 

180 

ns 

tPHL 

(Figures 1 and 3) 

3.0 

56 

70 

100 




4.5 

32 

38 

45 




6.0 

25 

31 

40 


tPLH. 

Maximum Propagation Delay, Clock to Q3 

2.0 

60 

75 

90 

ns 

tPHL 

(Figures 1 and 3) 

3.0 

40 

55 

65 




4.5 

30 

40 

50 




6.0 

25 

35 

42 


tPLH. 

Maximum Propagation Delay, Clock to Q4 

2.0 

200 

250 

300 

ns 

tPHL 

(Figures 1 and 3) 

3.0 

160 

185 

210 




4.5 

35 

45 

60 




6.0 

30 

40 

50 


tPHL 

Maximum Propagation Delay, Reset to any Q 

2.0 

80 

95 

110 

ns 


(Figures 2 and 3) 

3.0 

48 

65 

75 




4.5 

28 

32 

40 




6.0 

21 

25 

30 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 3) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

_ 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 





Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Counter)* 

35 


* Used to determine the no-load dynamic power consumption: Pq = CpD VQQ^f + Iqq Vqq. For load considerations, see Chapter 2. 
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TIMING REQUIREMENTS (Input V = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85° C 

< 125°C 

tree 

Minimum Recovery Time, Reset Inactive to Clock 

2.0 

25 

30 

40 

ns 


(Figure 2) 

3.0 

15 

20 

30 




4.5 

5 

6 

10 




6.0 

5 

5 

7 


tw 

Minimum Pulse Width, Clock 

2.0 

75 

95 

110 

ns 


(Figure 1 ) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

15 

19 


tw 

Minimum Pulse Width, Reset 

2.0 

75 

95 

110 

ns 


(Figure 2) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

15 

19 


tr.tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

3.0 

800 

800 

800 




4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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PIN DESCRIPTIONS 


INPUTS 

Clock (Pins 1, 13) 

Clock input. The internal flip-flops are toggled and the 
counter state advances on high-to-low transitions of the 
clock input. 

CONTROL INPUTS 
Reset (Pins 2, 12) 

Active-high, asynchronous reset. A separate reset is pro- 


vided for each counter. A high at the Reset input prevents 
counting and forces all four outputs low. 

OUTPUTS 

01, 02, 03, 04 (Pins 3, 4, 5, 6, 8, 9, 10, 11) 

Parallel binary outputs Q4 is the most significant bit. 


SWITCHING WAVEFORMS 



TEST 

POINT 



* Includes all probe and jig capacitance 

Figure 3. Test Circuit 


EXPANDED LOGIC DIAGRAM 


CLOCK 


01 


02 


04 


RESET 
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TIMING DIAGRAM 


1 0 I 1 I 2 I 3 I 4 I 


CLOCK 


RESET -TL 


I 7 I 8 I 9 I 10 I 11 I 12 I 13 I 14 I 15 I 0 I 


Q1 


Q2 


Q3 


Q4 


COUNT SEQUENCE 


Count 

Outputs 

Q4 

Q3 

Q2 

Q1 

0 

L 

L 

L 

L 

1 

L 

L 

L 

H 

2 

L 

L 

H 

L 

3 

L 

L 

H 

H 

4 

L 

H 

L 

L 

5 

L 

H 

L 

H 

6 

L 

H 

H 

L 

7 

L 

H 

H 

H 

8 

H 

L 

L 

L 

9 

H 

L 

L 

H 

10 

H 

L 

H 

L 

11 

H 

L 

H 

H 

12 

H 

H 

L 

L 

13 

H 

H 

L 

H 

14 

H 

H 

H 

L 

15 

H 

H 

H 

H 
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Octal 3-State 
Inverting D Flip-Flop 

High-Performance Silicon-Gate CMOS 



The MC54/74HC533A is identical in pinout to the LS533. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

These latches appear transparent to data (i.e., the outputs change 
asynchronously) when Latch Enable is high. The Data appears at the 
outputs in inverted form. When Latch Enable goes low, data meeting the 
setup and hold time becomes latched. 

The Output Enable input does not affect the state of the latches, but when 
Output Enable is high, all device outputs are forced to the hIgh-Impedance 
state. Thus, data may be latched even when the outputs are not enabled. 

The HC533A is identical in function to the HC563 but has the data inputs 
on the opposite side of the package from the outputs to facilitate PC board 
layout. 

This device is similar in function to the HC373A, which has noninverting 
outputs. 

• Output Drive Capability: 1 5 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 2.0 to 6.0 V 

• Low Input Current: 1 .0 |.iA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 256 FETs or 64 Equivalent Gates 


LOGIC DIAGRAM 



MC54/74HC533A 



1 


20 ^^ 

1 


J SUFFIX 

CERAMIC PACKAGE 
CASE 732-03 


N SUFFIX 

PLASTIC PACKAGE 
CASE 738-03 


DW SUFFIX 

SOIC PACKAGE 
CASE 751D-04 


ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 

MC74HCXXXAN Plastic 

MC74HCXXXADW SOIC 


PIN ASSIGNMENT 


OUTPUT r 
ENABLE L 

1« 

20 

Q0[ 

2 

19 

D0[ 

3 

18 

D1 [ 

4 

17 

Q1 [ 

5 

16 

Q2[ 

6 

15 

D2[ 

7 

14 

D3[ 

8 

13 

03 [J 

9 

12 

GNDC 

10 

11 


Vcc 

Q7 

D7 

D6 

Q6 

Q5 

D5 

D4 

Q4 

LATCH 

ENABLE 


FUNCTION TABLE 


Inputs 1 

Output 

Output 

Latch 



Enable 

Enable 

D 

Q 

L 

H 

H 

L 

L 

H 

L 

H 

L 

L 

X 

No Change 

H 

X 

X 

Z 


X = Don’t Care 
Z = High Impedance 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1.5 to Vcc + L5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±35 

mA 

•cc 

DC Supply Current, Vqc GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DIPt 

750 

mW 


SOIC Packagef 

500 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 


gm 


Symbol 

Parameter 

Test Conditions 

V 

25°C 



Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 



1.5 

V 


Voltage 

••out' — 20 jiA 

4.5 



3.15 





6.0 



4.2 



Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

••out! — 20 fiA 

4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


Hgi 

Minimum High-Level Output 

Vin = V|HorV(L 

2.0 

1.9 

1.9 

1.9 

V 

■HH 

Voltage 

••out^ — 20 |xA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 


■ 


Vin = ViHorV|L 
••out^ — 6.0 mA 

4.5 

3.98 


■■ 

V 

■■ 


llouti — ^-6 mA 

6.0 

5.48 




msm 

Maximum Low-Level Output 

Vin = V|Hor V|l 

2.0 



ra 

V 


Voltage 

••out! — 20 pA 

4.5 








6.0 



■■ 


■ 


Vin = VlH or VjL 
••out^ — 6.0 mA 

4.5 


0.33 

0.4 

V 



••out^ — ^-6 mA 

6.0 

■■ 

0.33 

0.4 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

'oz 

Maximum Three-State Leakage 
Current 

Output In High-Impedance State 
Vin = V|Lor V|h 

Vout = VcC or GND 

6.0 

±0.5 

±5.0 

±10 

pA 

Icc 

Maximum Quiescent Supply 
Current (per Package) 

Vjp = Vqq or GND 
l^outl = 0 |xA 

6.0 

4.0 

40 

160 

|iA 


NOTE; Information on typical parametric values can be found in Chapter 2. 



AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input ^ = tf = 6.0 ns) 


Symbol 

Parameter 

Fig. 

< 

<o 

O 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH 

Maximum Propagation Delay, Input D to Q 

1,5 

2.0 

125 

155 

190 

ns 

tPHL 



4.5 

25 

31 

38 





6.0 

21 

26 

32 


tPLH 

Maximum Propagation Delay, Latch Enable to Q 

2,5 

2.0 

125 

155 

190 

ns 

tPHL 



4.5 

25 

31 

38 





6.0 

21 

26 

32 


tPLZ 

Maximum Propagation Delay, Output Enable to Q 

3, 6 

2.0 

150 

190 

225 

ns 

tPHZ 



4.5 

30 

38 

45 





6.0 

26 

33 

38 


tpZL 

Maximum Propagation Delay, Output Enable to Q 

3,6 

2.0 

150 

190 

225 

ns 

tPZH 



4.5 

30 

38 

45 





6.0 

26 

33 

38 


tTLH 

Maximum Output Transition Time, Any Output 

1,5 

2.0 

75 

95 

110 

ns 

tTHL 



4.5 

15 

19 

22 





6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

10 

10 

10 

pF 

^out 

Maximum Tri-State Output Capacitance (Output In Hi-Impedance State) 

15 

15 

15 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vqc = 5 0 V 

CpD 

Power Dissipation Capacitance (Per Enabled Output)* 

36 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VQQ^f + Iqq Vqq. For load considerations, see Chapter 2. 
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TIMING REQUIREMENTS (Cl = 50 pF, Input V = tf = 6.0 ns) 


Symbol 

Parameter 

Fig. 

Vcc 

Volts 

Guaranteed Limit 

Unit 

-55 to 25° C 

< 85°C 

< 125°C 

Min 

Max 

Min 

Max 

Min 

Max 

tsu 

Minimum Setup Time, Input D to Latch Enable 

4 

2.0 

25 


30 


40 


ns 




4.5 

5.0 


6.0 


8.0 






6.0 

5.0 


6.0 


7.0 



th 

Minimum Hold Time, Latch Enable to Input D 

n 





■■■ 


■■■ 









^^1 






HI 



HI 


IHI 


HI 


tw 

Minimum Pulse Width, Latch Enable 


2.0 



75 

imiii 

90 


ns 




4.5 

mm 


15 


18 





■1 

6.0 

mm 

HI 

13 

IH 

15 

IH 



Maximum Input Rise and Fall Times 

1 

2.0 

■m 

1000 

■■■ 

1000 


1000 

ns 




4.5 


500 


500 


500 





6.0 

■HI 

400 

HI 

400 


400 



SWITCHING WAVEFORMS 





Figure 1. 



Figure 3. 


Figure 2. 



Vcc 

GND 

Vcc 

GND 


Figure 4. 
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TEST CIRCUITS 


TEST POINT TEST POINT 


DEVICE 

C 

OUTPUT 

p 

DEVICE 

C 

OUTPUT 

p 

1kQ 



f CONNECT TO Vcc WHEN 
TESTING tpLZ AND tpzL 
CONNECT TO GND WHEN 

UNDER 


= Cl‘ 

UNDER 


ZCl* 

1 TESTING tpHZ and tpzH 

TEST 

- 

TEST 

- 



* Includes all probe and jig capacitance 


* Includes all probe and jig capacitance 


Figure 5. 


Figure 6. 



EXPANDED LOGIC DIAGRAM 


DO 

Ij- 

L-D 

LE 

UTCH 

D1 

-lIV- 

Q-i L-d 

LE 

D2 

-L[r- 

Q-i *-D 1 

LE 

D3 

-lIj- 

0-1 L-D 

LE 

D4 I 

-lIx-x 

Q-| Ld 0-1 

LE 

35 D6 C 

IW iYi-l 

L-d Q-| Ld Q-| I 

LE LE 

17 

18 

-D 0-1 

LE 

■HH 




Y fV 

' fY Y 

[Y 

ENABLE 

QO 01 Q2 03 04 

2 1 15 1 1( 

05 06 

3 1 19 

07 
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SEMICONDUCTOR TECHNICAL DATA 


Octal 3-State 
Inverting D Flip-Flop 

High-Performance Silicon-Gate CMOS 

The MC54/74HC534A is identical in pinout to the LS534. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

Data meeting the setup time is clocked, in inverted form, to the outputs 
with the rising edge of the Clock. The Output Enable input does not affect the 
states of the flip-flops, but when Output Enable is high, the outputs are 
forced to the high impedance state. Thus, data may be stored even when the 
outputs are not enabled. 

The HC534A is identical in function to the HC564 which has the data 
inputs on the opposite side of the package from the outputs to facilitate PC 
board layout. 

This device is similar in function to the HC374A, which has noninverting 
outputs. 

• Output Drive Capability: 15 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 2.0 to 6.0 V 

• Low Input Current: 1 .0 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 282 FETs or 68.5 Equivalent Gates 


LOGIC DIAGRAM 



MC54/74HC534A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 732-03 



1 


N SUFFIX 

PLASTIC PACKAGE 
CASE 738-03 


DW SUFFIX 

SOIC PACKAGE 
CASE 751 D-04 


ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 

MC74HCXXXAN Plastic 

MC74HCXXXADW SOIC 


PIN ASSIGNMENT 

OUTPUT r 
ENABLE '■ 

1® 

20 

] Vcc 

QO [ 

2 

19 

] 07 

D0[ 

3 

18 

] D7 

D1 [ 

4 

17 

] D6 

Q1 [ 

5 

16 

] 06 

Q2[ 

6 

15 

] 05 

D2[ 

7 

14 

] D5 

D3[ 

8 

13 

] D4 

03 [ 

9 

12 

] 04 

GND[ 

10 

11 

] CLOCK 







FUNCTION TABLE 



Inputs 


Output 

Output 

Enable 

Clock 

D 

Q 

L 

J-' 

H 

L 

L 

J- 

L 

H 

L 

L.H,^ 

X 

No Change 

H 

X 

X 

Z 


X = Don’t Care 
Z = High Impedance 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vcc + 1 -5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqc + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±35 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±75 

mA 

pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Package! 

500 


"•stg 

Storage Temperature 

-65 to + 150 

°C 

tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 




This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnOrVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out^ — 20 )iA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

••out^ — 20 |xA 

4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


VOH 

Minimum High-Level Output 

Vin = V|Hor Vil 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 jxA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




V|n = V|H orV|L 
••out^ — 6.0 mA 

4.5 

3.98 

3.84 

3.7 

V 



••out^ — ^-6 

6.0 

5.48 

5.34 

5.2 


VOL 

Maximum Low-Level Output 

Vin = V|HO'' V|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 20 )iA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l 
•• out^ — 6.0 mA 

4.5 

0.26 

0.33 

0.4 

V 



••out^ — ^-6 mA 

6.0 

0.26 

0.33 

0.4 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

|iA 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

'oz 

Maximum Three-State Leakage 
Current 

Output in High-Impedance State 
Vin = ViLorV|H 

Vout = Vcc or GND 

6.0 

±0.5 

±5.0 

±10 

pA 

'cc 

Maximum Quiescent Supply 
Current (per Package) 

Vin = VcC or GND 
llouti = 0 hA 

6.0 

4.0 

40 

160 

pA 


NOTE: Information on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6.0 ns) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Fig. 

V 

25°C 

< 85“C 

< 125°C 

Unit 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

1.4 


6.0 

5.0 

4.0 

MHz 




■9 

30 

24 

20 






35 

28 

24 


tPLH 

Maximum Propagation Delay, Clock to Q 

1,4 

lEBH 

125 

155 

190 

ns 

tPHL 




25 

31 

38 





6.0 

21 

26 

32 


tPLZ 

Maximum Propagation Delay, Output Enable to Q 

2,5 

2.0 

150 

190 

225 

ns 

tPHZ 



mm 

30 

38 

45 






26 

33 

38 


tPZL 

Maximum Propagation Delay, Output Enable to Q 

2,5 

2.0 

150 

190 

225 

ns 

tPZH 



4.5 

30 

38 

45 





6.0 

26 

33 

38 


tTLH 

Maximum Output Transition Time, Any Output 

1,4 


75 

95 

110 


tTHL 




15 

19 

22 






13 

16 

19 


C^in 

Maximum Input Capacitance 

10 

10 

10 

pF 

COUT 

Maximum Tri-State Output Capacitance (Output in Hi-Impedance State) 

15 

15 

15 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Flip-Flop)* 

34 


* Used to determine the no-load dynamic power consumption: Pq = CpD VQc^f + |qq Vqq. For load considerations, see Chapter 2. 



TIMING REQUIREMENTS (Cl = 50 pF, Input tr = tf = 6.0 ns) 


Symbol 

Parameter 

Fig. 

Vcc 

Volts 

Guaranteed Limit 


-55 to 25° C 

< 85°C 

< 125°C 







^su 

Minimum Setup Time, Data to Clock 

3 

2.0 

50 

■■■ 


im 

75 






4.5 

10 




15 






6.0 

9.0 



IB 

13 

Bl 


th 

Minimum Hold Time, Clock to Data 

3 

2.0 

5.0 

■■■ 

5.0 


5.0 


ns 




4.5 

5.0 


5.0 


5.0 






6.0 

5.0 

mi 

5.0 


5.0 



tw 

Minimum Pulse Width, Clock 

1 

2.0 

60 


75 


90 


ns 




4.5 

12 


15 


18 






6.0 

10 


13 


15 



tn tf 

Maximum Input Rise and Fall Times 

1 

2.0 


1000 


1000 


1000 

ns 




4.5 


500 


500 


500 





6.0 


400 


400 


400 



High-Speed CMOS Logic Data 
DL129 — Rev6 


3-443 


MOTOROLA 
































MC54/74HC534A 


SWITCHING WAVEFORMS 

- Vcc OUTPUT 


— '•/^max 

-tPLH tpHL ■ 


-tTLH tTHL 

Figure 1. 


-tpZL ^PLZ 


-tpzH tpHZ 


Figure 2. 


HIGH 

■ IMPEDANCE 


r90%— '^OH 


HIGH 

‘ IMPEDANCE 



Figure 3. 

TEST CIRCUITS 



cp 

OUTPUT 


DEVICE 


DEVICE 

UNDER 

=pCL* 

UNDER 

TEST 

TEST 





TEST POINT 
OUTPUT T ^ 


. CONNECT TO Vcc WHEN 

, TESTING tpLZ and tpzL 
CONNECT TO GND WHEN 
, I TESTING tpHZ and tpzH 


" Includes all probe and jig capacitance 

Figure 4. 


* Includes all probe and jig capacitance 

Figure 5. 


EXPANDED LOGIC DIAGRAM 
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SEMICONDUCTOR TECHNICAL DATA 


Octal 3-State Inverting Buffer/ 
Line Driver/Line Receiver 

High-Performance Silicon-Gate CMOS 

The MC74HC540A is identical in pinout to the LS540. The device inputs 
are compatible with Standard CMOS outputs. External pullup resistors make 
them compatible with LSTTL outputs. 

The HC540A is an octal Inverting buffer/line driver/line receiver designed 
to be used with 3-state memory address drivers, clock drivers, and other 
bus-oriented systems. This device features inputs and outputs on opposite 
sides of the package and two ANDed active-low output enables. 

The HC540A is similar in function to the HC541 A, which has non-inverting 
outputs. 

• Output Drive Capability: 15 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 2 to 6V 

• Low Input Current: IpA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance With the JEDEC Standard No. 7A Requirements 

• Chip Complexity: 1 24 FETs or 31 Equivalent Gates 

LOGIC DIAGRAM 



Inverting 

Outputs 


MC74HC540A 


1 

N SUFFIX 

PLASTIC PACKAGE 
CASE 738-03 

20^^ 

DW SUFFIX 

SOIC PACKAGE 

1 

CASE 751D-04 

ORDERING INFORMATION 

MC74HCXXXAN 

Plastic 

MC74HCXXXADW SOIC 


FUNCTION TABLE 


Inputs 

Output Y 

OE1 

OE2 

A 

L 

L 

L 

H 

L 

L 

H 

L 

H 

X 

X 

Z 

X 

H 

X 

Z 


Z = High Impedance 
X = Don’t Care 



Pinout: 20-Lead Packages (Top View) 

Vcc 0E2 Y 1 Y 2 Y3 Y4 Y5 Y6 Y7 Y8 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to - 1 - 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

-0.5 to Vqq + 0.5 

V 

'in 

DC Input Current, per Pin 

±20 

mA 

'out 

DC Output Current, per Pin 

±35 

mA 

'cc 

DC Supply Current, Vqq and GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packagef 

750 

500 

mW 

"fstg 

Storage Temperature Range 

-65 to + 150 

°C 

tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
Plastic DIP or SOIC Package 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature Range, All Package Types 

-55 

+ 125 

°c 

tptf 

Input Rise/Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




DC CHARACTERISTICS (Voltages Referenced to GND) 





Vcc 

Guaranteed Limit 


Symbol 

Parameter 

Condition 

V 

-55 to 25°C 

<85°C 

<125°C 

Unit 

V|H 

Minimum High-Level Input Voltage 

Vout = 0.1V 

2.0 

1.50 

1.50 

1.50 

V 



"out' - 20pA 

3.0 

2.10 

2.10 

2.10 





4.5 

3.15 

3.15 

3.15 





6.0 

4.20 

4.20 

4.20 


V|L 

Maximum Low-Level Input Voltage 

o< 

B 

II 

< 

o 

o 

1 

p 

< 

2.0 

0.50 

0.50 

0.50 

V 



llout' ^ 20pA 

3.0 

0.90 

0.90 

0.90 





4.5 

1.35 

1.35 

1.35 





6.0 

1.80 

1.80 

1.80 


VOH 

Minimum High-Level Output 

_J 

> 

II 

c 

> 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

"out' - 20|iA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin ” V|L "out' - 3'6mA 

3.0 

2.48 

2.34 

2.20 




"out' — 6.0mA 

4.5 

3.98 

3.84 

3.70 




"out' ^ 7.8mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

I 
> 

II 
c 

> 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

llout' ^20pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = ViH llout' ^3-6mA 

3.0 

0.26 

0.33 

0.40 




"out' — 6.0mA 

4.5 

0.26 

0.33 

0.40 




"out' — 7.8mA 

6.0 

0.26 

0.33 

0.40 


'in 

Maximum Input Leakage Current 

Vin = Vqq or GND 

6.0 

±0.1 

±1.0 

±1.0 
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DC CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Condition 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 25°C 

<85°C 

<125°C 

•oz 

Maximum Three-State Leakage 
Current 

Output in High Impedance State 

Vin = V|L or V|h 

Vout = Vcc or GND 

6.0 

±0.5 

±5.0 

±10.0 

pA 

Icc 

Maximum Quiescent Supply 

Current (per Package) 

Vin = Vcc or GND 
lout = OfrA 

6.0 

4 

40 

160 

pA 


NOTE: Information on typical parametric values can be found in Chapter 2. 


AC CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6 ns) 




o 

o> 

> 

Guaranteed Limit 


Symbol 

Parameter 

-55 to 25°C 

<85°C 

<125°C 

Unit 

tpLH. 

Maximum Propagation Delay, Input A to Output Y 

2.0 

80 

100 

120 

ns 

tPHL 

(Figures 1 and 3) 

3.0 

30 

40 

55 




4.5 

18 

23 

28 




6.0 

15 

20 

25 


tPLZ. 

Maximum Propagation Delay, Output Enable to Output Y 

2.0 

110 

140 

165 

ns 

tPHZ 

(Figures 2 and 4) 

3.0 

45 

60 

75 




4.5 

25 

31 

38 




6.0 

21 

26 

31 


tPZL. 

Maximum Propagation Delay, Output Enable to Output Y 

2.0 

110 

140 

165 

ns 

tpZH 

(Figures 2 and 4) 

3.0 

45 

60 

75 




4.5 

25 

31 

38 




6.0 

21 

26 

31 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

60 

75 

90 


tTHL 

(Figures 1 and 3) 

3.0 

22 

28 

34 




4.5 

12 

15 

18 




6.0 

10 

13 

15 


^in 

Maximum Input Capacitance 


10 

10 

10 


^out 

Maximum Three-State Output Capacitance (Output in High 
Impedance State) 


15 

15 

15 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 





Typical @ 25°C, Vcc = 5 0 V, VgE = 0 V 

CpD 

Power Dissipation Capacitance (Per Buffer)* 

35 


* Used to determine the no-load dynamic power consumption: Pq = CpD VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 


SWITCHING WAVEFORMS 



IMPEDANCE 


Figure 1. Figure 2. 
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MC74HC540A 


TEST CIRCUITS 


TEST TEST 

POINT POINT 



(j 



c 



OUTPUT 



OUTPUT 

1kQ 

DEVICE 



DEVICE 


►— 'VW” 

UNDER 



UNDER 



TEST 

- 

= Cl* 

TEST 

•” 

= Cl* 



r 


1 

r 


CONNECT TO Vcc WHEN 
TESTING tpLZ AND IpzL 
CONNECT TO GND WHEN 
TESTING tpHZ and tpzH- 


*lncludes all probe and jig capacitance 


‘Includes all probe and jig capacitance 


Figure 3. 


Figure 4. 


PIN DESCRIPTIONS 


INPUTS 

A1, A2, A3, A4, A5, A6, A7, A8 (PINS 2, 3, 4, 5, 6, 7, 8, 
9) — Data input pins. Data on these pins appear in inverted 
form on the corresponding Y outputs, when the outputs are 
enabled. 


puts are enabled and the device functions as an inverter. 
When a hgih voltage is applied to either input, the outputs 
assume the high impedance state. 

OUTPUTS 



CONTROLS 

OE1, OE2 (PINS 1, 19) — Output enables (active-low). 
When a low voltage is applied to both of these pins, the out- 


Y1, Y2, Y3, Y4, Y5, Y6, Y7, Y8 (PINS 18, 17, 16, 15, 14, 

13, 12, 11) — Device outputs. Depending upon the state of 
the output enable pins, these outputs are either inverting out- 
puts or high-impedance outputs. 


LOGIC DETAIL 


To 7 Other 
Inverters 



OUTPUT Y 
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Octal 3-State Non-Inverting 
Buffer/Line Driver/ 

Line Receiver 

High-Performance Silicon-Gate CMOS 

The MC54/74HC541A is identical in pinout to the LS541. The device 
inputs are compatible with Standard CMOS outputs. External pullup 
resistors make them compatible with LSTTL outputs. 

The HC541A is an octal non-inverting buffer/line driver/line receiver 
designed to be used with 3-state memory address drivers, clock drivers, and 
other bus-oriented systems. This device features inputs and outputs on 
opposite sides of the package and two ANDed active-low output enables. 

The HC541A is similar in function to the HC540A, which has inverting 
outputs. 

• Output Drive Capability: 15 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range; 2 to 6V 

• Low Input Current; IpA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance With the JEDEC Standard No. 7A Requirements 

• Chip Complexity: 1 34 FETs or 33.5 Equivalent Gates 


l\/IC54/74HC541A 
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MC54/74HC541A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

-0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

— 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±35 

mA 

•cc 

DC Supply Current, Vqc and GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Package! 

500 


Tstg 

Storage Temperature Range 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


Plastic DIP or SOIC Package 

260 



Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature Range, All Package Types 

-55 

+ 125 

°c 

V.tf 

Input Rise/Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




DC CHARACTERISTICS (Voltages Referenced to GND) 





Vcc 

Guaranteed Limit 


Symbol 

Parameter 

Condition 

V 

-55 to 25°C 

<85°C 

<125°C 

Unit 

V|H 

Minimum High-Level Input Voltage 

Vout = 0.1V 

2.0 

1.50 

1.50 

1.50 

V 



••out^ - 20pA 

3.0 

2.10 

2.10 

2.10 





4.5 

3.15 

3.15 

3.15 





6.0 

4.20 

4.20 

4.20 


V|L 

Maximum Low-Level Input Voltage 

Vout = Vqq -0.1V 

2.0 

0.50 

0.50 

0.50 

V 



••out* - 20iiA 

3.0 

0.90 

0.90 

0.90 





4.5 

1.35 

1.35 

1.35 





6.0 

1.80 

1.80 

1.80 


VOH 

Minimum High-Level Output 

> 

c 

> 

2.0 

1.9 

1.9 

1.9 

n 


Voltage 

••out! - 20|xA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 

■ 



Vin-V||_ llouti- 0.6mA 

3.0 

2.48 

2.34 

2.20 




llout^ — 6.0mA 

4.5 

3.98 

3.84 

3.70 




llout^ — 7.8mA 

6.0 

5.48 

5.34 

5.20 

■1 

VOL 

Maximum Low-Level Output 

< 

II 

< 

n: 


0.1 

0.1 


IQH 


Voltage 

lloutl^20pA 


0.1 

0.1 

0.1 






0.1 

0.1 

0.1 

■ 



Vin = V|H I'out' ^ 3.6mA 

3.0 

0.26 

0.33 

0.40 

■ 



llout^ — 6.0mA 

4.5 

0.26 

0.33 

0.40 




llout^ — 7.8mA 

6.0 

0.26 

0.33 

0.40 

H 
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MC54/74HC541A 


DC CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Condition 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 25°C 

<85°C 

<125°C 

•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1 .0 

pA 

•oz 

Maximum Three-State Leakage 
Current 

Output in High Impedance State 

Vin = V|Lor V(h 

Vout = Vcc or GND 

6.0 

±0.5 

±5.0 

±10.0 

pA 

•cc 

Maximum Quiescent Supply 

Current (per Package) 

Vjn = Vcc or GND 
•out = OpA 

6.0 

4 

40 

160 

pA 


NOTE: Information on typical parametric values can be found in Chapter 2. 


AC CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6 ns) 




Vcc 

Guaranteed Limit 


Symbol 

Parameter 

V 

-55 to 25°C 

<85°C 

<125°C 

Unit 

tPLH. 

Maximum Propagation Delay, Input A to Output Y 

2.0 

80 

100 

120 

ns 

tPHL 

(Figures 1 and 3) 

3.0 

30 

40 

55 




4.5 

18 

23 

28 




6.0 

15 

20 

25 


tPLZ. 

Maximum Propagation Delay, Output Enable to Output Y 

2.0 

110 

140 

165 

ns 

tPHZ 

(Figures 2 and 4) 

3.0 

45 

60 

75 




4.5 

25 

31 

38 




6.0 

21 

26 

31 


tpZL- 

Maximum Propagation Delay, Output Enable to Output Y 

2.0 

110 

140 

165 

ns 

tpZH 

(Figures 2 and 4) 

3.0 

45 

60 

75 




4.5 

25 

31 

38 




6.0 

21 

26 

31 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures 1 and 3) 

3.0 

22 

28 

34 



1 

4.5 

12 

15 

18 



1 

6.0 

10 

13 

15 


Cin 

Maximum Input Capacitance 


10 

10 

10 

pF 

Cout 

Maximum Three-State Output Capacitance (Output in High 
Impedance State) 


15 

15 

15 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5 0 V, Vee = 0 V 

CPD 

Power Dissipation Capacitance (Per Buffer)* 

35 


* Used to determine the no-load dynamic power consumption: Pp = Cpo VQQ^f + Iqq Vqq. For load considerations, see Chapter 2. 



SWITCHING WAVEFORMS 




Vcc 

GND 

HIGH 

IMPEDANCE 

Vql 


Vqh 

HIGH 

IMPEDANCE 
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MC54/74HC541A 


TEST CIRCUITS 


TEST TEST 

POINT POINT 



c 

j) 


c 



OUTPUT 



OUTPUT 

tkO 

DEVICE 



DEVICE 



UNDER 



UNDER 



TEST 


zCl* 

TEST 


= Cl* 






T 


CONNECT TO Vcc WHEN 
TESTING tpLzANDtpzL 
CONNECT TO GND WHEN 
TESTING tpHZ and tpzH- 


*lncludes all probe and jig capacitance 


^Includes all probe and jig capacitance 


Figure 3. 


Figure 4. 


PIN DESCRIPTIONS 



INPUTS 

A1, A2, A3, A4, A5, A6, A7, A8 (PINS 2, 3, 4, 5, 6, 7, 8, 
9) — Data input pins. Data on these pins appear in non-in- 
verted form on the corresponding Y outputs, when the out- 
puts are enabled. 

CONTROLS 

OE1, OE2 (PINS 1, 19) — Output enables (active-low). 
When a low voltage is applied to both of these pins, the out- 


puts are enabled and the device functions as an non-invert- 
ing buffer. When a high voltage is applied to either input, the 
outputs assume the high impedance state. 

OUTPUTS 

Y1, Y2, Y3, Y4, Y5, Y6, Y7, Y8 (PINS 18, 17, 16, 15, 14, 

13, 12, 11) — Device outputs. Depending upon the state of 
the output enable pins, these outputs are either non-invert- 
ing outputs or high-impedance outputs. 


LOGIC DETAIL 


To 7 Other 
Buffers 



OUTPUT Y 
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SEMICONDUCTOR TECHNICAL DATA 


Octal 3-State Non-Inverting 
Buffer/Line Driver/ 

Line Receiver With 
LSTTL-Compatible Inputs 

High-Performance Silicon-Gate CMOS 

The MC74HCT541A is identical in pinout to the LS541. This device may 
be used as a level converter for interfacing TTL or NMOS outputs to high 
speed CMOS inputs. 

The HCT541A is an octal non-inverting buffer/line driver/line receiver 
designed to be used with 3-state memory address drivers, clock drivers, and 
other bus-oriented systems. This device features inputs and outputs on 
opposite sides of the package and two ANDed active-low output enables. 

• Output Drive Capability: 15 LSTTL Loads 

• TTL/NMOS-Compatible Input Levels 


MC74HCT541A 



Y N SUFFIX 

pMwii 

11 PLASTIC PACKAGE 

20*'^! II II U l* '' 

1 

CASE 738-03 


DW SUFFIX 

20^^ 

SOIC PACKAGE 

1 

CASE 751D-04 

ORDERING INFORMATION 

MC74HCTXXXAN Plastic 

MC74HCTXXXADW SOIC 


Outputs Directly Interface to CMOS, NMOS and TTL 
Operating Voltage Range: 4.5 to 5.5V 
Low Input Current: IpA 

In Compliance With the JEDEC Standard No. 7A Requirements 
Chip Complexity: 134 FETs or 33.5 Equivalent Gates 


LOGIC DIAGRAM 



• Y1 

• Y2 

• Y3 

• Y4 

• Y5 

• Y6 

• Y7 

• Y8 


Non-Inverting 

Outputs 


FUNCTION TABLE 


Inputs 

Output Y 

OE1 

OE2 

A 

L 

L 

L 

L 

L 

L 

H 

H 

H 

X 

X 

Z 

X 

H 

X 

Z 


Z = High Impedance 
X = Don’t Care 


Pinout: 20-Lead Packages (Top View) 

Vcc 0E2 Y 1 Y 2 Y3 Y4 Y5 Y6 Y7 Y8 

_ [iol _ri9l_ Ril _[i7l piil [iil ni] riil IT nil 



■□TifUr'CinU LiJ m N IT H 


0E1 A1 A2 A3 A4 A5 A6 A7 A8 GND 
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MC74HCT541A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 

V 


DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±35 

mA 

•cc 

DC Supply Current, Vcc ^ind GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW 

"^stg 

Storage Temperature Range 


O 

Tl 

Lead Temperature, 1 mm from Case for 1 0 Seconds 
Plastic DIP or SOIC Package 

260 

H 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2, 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

4.5 

5.5 

V 


DC Input Voltage, Output Voltage (Referenced to GND) 

0 

EBM 

D 

Ta 

Operating Temperature Range, All Package Types 

-55 

+ 125 

B 

tr.tf 

Input Rise/Fall Time (Figure 1) 

0 

500 

ns 



DC CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Condition 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 25°C 



V|H 

Minimum High-Level Input Voltage 

Vout = 0.1VorVcc-0.1V 
••out^ - 20pA 

4.5 

5.5 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

V 

V|L 

Maximum Low-Level Input Voltage 

Vout = 0.1V or Vcc -0.1V 
••out^ - 20pA 

H 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

V 

VOH 

Minimum High-Level Output 

Voltage 

Vm = V|H or V|l 
•• out^ - 20pA 



m 

H 

■ 

V|n = V|H or V|l llout^ ^ 6.0mA 

IB 




VOL 

Maximum Low-Level Output 

Voltage 

Vin = ViH or V|l 
•• out^ - 20 |j.A 

4.5 

5.5 


0.1 

0.1 


V 

Vin = V|H or Vil Hout^ ^ 6.0mA 

4.5 

0.26 



•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

IQH 

±0.1 

±1.0 

±1.0 

pA 

•oz 

Maximum Three-State Leakage 
Current 

Output in High Impedance State 

Vin = V|LorV|H 

Vout = Vcc or GND 

m 

±0.5 

±5.0 

±10.0 

pA 

•cc 

Maximum Quiescent Supply 

Current (per Package) 

Vin = Vcc or GND 
•out = OpA 

B 

4 

IH 

160 

B 

Alee 

Additional Quiescent Supply Current 

Vjn = 2.4V, Any One Input 

Vin = Vcc or GND, Other Inputs 
•out = OpA 

5.5 

> -55°C 

25 to125°C 

mA 

2.9 

2.4 


1 . Information on typical parametric values can be found in Chapter 2. 

2. Total Supply Current = Ice + ^-^ICC- 
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MC74HCT541A 


AC CHARACTERISTICS (Vcc = 5.0V, Cl = 50 pF, Input tr = tf = 6 ns) 


Symbol 

Parameter 

Guaranteed Limit 

Unit 

-55 to 25°C 

<85°C 

<125°C 

tPLH. 

tPHL 

Maximum Propagation Delay, Input A to Output Y 
(Figures 1 and 3) 

23 

28 

32 

ns 

tPLZ. 

tPHZ 

Maximum Propagation Delay, Output Enable to Output Y 
(Figures 2 and 4) 

30 

34 

38 

ns 

tpZL. 

tpZH 

Maximum Propagation Delay, Output Enable to Output Y 
(Figures 2 and 4) 

30 

34 

38 

ns 

tTLH. 

^THL 

Maximum Output Transition Time, Any Output 
(Figures 1 and 3) 

12 

15 

18 

ns 

Cin 

Maximum Input Capacitance 

10 

10 

10 

pF 

^out 

Maximum Three-State Output Capacitance (Output in High Impedance 
State) 

15 

15 

15 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5-0 V 

CpD 

Power Dissipation Capacitance (Per Buffer)* 

55 


* Used to determine the no-load dynamic power consumption: Pq = CpQ VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 


SWITCHING WAVEFORMS 




3.0V 


GND 

HIGH 

IMPEDANCE 


Vql 


Vqh 

HIGH 

IMPEDANCE 



TEST CIRCUITS 


TEST TEST 

POINT POINT 



c 

OUTPUT 

p 


c 

OUTPUT 

p 

1kQ 

CONNECT TO Vcc WHEN 
TESTING tpi 7 AND tp7l. 

DEVICE 



DEVICE 



CONNECT TO GND WHEN 

UNDER 


zCl* 

UNDER 


= Cl* 

TESTING tpHZ and tpzH- 

TEST 

— 

TEST 




“Z 

r 






*lncludes all probe and jig capacitance 


*lncludes all probe and jig capacitance 


Figure 3. 


Figure 4. 
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MC74HCT541A 


PIN DESCRIPTIONS 


INPUTS 

A1, A2, A3, A4, A5, A6, A7, A8 (PINS 2, 3, 4, 5, 6, 7, 8, 
9) — Data input pins. Data on these pins appear in non-in- 
verted form on the corresponding Y outputs, when the out- 
puts are enabled. 

CONTROLS 

OE1, OE2 (PINS 1, 19) — Output enables (active-low). 
When a low voltage is applied to both of these pins, the out- 


puts are enabled and the device functions as a non-inverting 
buffer. When a high voltage is applied to either input, the out- 
puts assume the high impedance state. 

OUTPUTS 

Y1, Y2, Y3, Y4, Y5, Y6, Y7, Y8 (PINS 18, 17, 16, 15, 14, 
13, 12, 11) — Device outputs. Depending upon the state of 
the output enable pins, these outputs are either non-invert- 
ing outputs or high-impedance outputs. 


LOGIC DETAIL 



To 7 Other 
Buffers 


INPUT A - 


One of Eight 
Buffers 




aD— 1>— It} 


33 - 



OUTPUT Y 
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Octal 3-State Inverting 
Transparent Latch 

High-Performance Silicon-Gate CMOS 

The MC54/74HC563 is identical in pinout to the LS563. The device inputs 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

This device is identical in function to the HC533 but has the Data Inputs on 
the opposite side of the package from the outputs to facilitate PC board 
layout. 

These latches appear transparent to data (i.e., the outputs change 
asynchronously) when Latch Enable is high. The data appears at the outputs 
in inverted form. When Latch Enable goes low, data meeting the setup and 
hold time becomes latched. 

The Output Enable input does not affect the state of the latches, but when 
Output Enable is high, all device outputs are forced to the high-impedance 
state. Thus, data may be latched even when the outputs are not enabled. 
The HC573 is the noninverting version of this function. 

• Output Drive Capability; 15 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 |iA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity; 202 FETs or 50.5 Equivalent Gates 


LOGIC DIAGRAM 



INVERTING 

OUTPUTS 


MC54/74HC563 


flp 

J SUFFIX 

CERAMIC PACKAGE 

1 

CASE 732-03 

1 

N SUFFIX 

PLASTIC PACKAGE 
CASE 738-03 

20^^ 

DW SUFFIX 

SOIC PACKAGE 

1 

CASE 751D-04 

ORDERING INFORMATION 

MC54HCXXXJ 

Ceramic 

MC74HCXXXN 

Plastic 

MC74HCXXXDW SOIC 


PIN ASSIGNMENT 



ENABLE 



FUNCTION TABLE 


Inputs 

Output 

Output 

Latch 



Enable 

Enable 

D 

Q 

L 

H 

H 

L 

L 

H 

L 

H 

L 

L 

X 

No Change 

H 

X 

X 

Z 


X = don’t care 
Z = high impedance 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

-0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vcc + 1-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0.5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±35 

mA 

•cc 

DC Supply Current, Vqc and GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 


"^stg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND ^ (VjnorVout) ^ Vqc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

V.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1 ) 

Vcc = 4.5 V 

0 

500 




Vcc = 60 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

VlH 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out^ — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = VlH orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out! — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l llout^ ^ 6.0 mA 

4.5 

3.98 

3.84 

3.70 




••out^ ^ ^'6 

6,0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l Hout^ ^ 6.0 mA 

4.5 

0.26 

0.33 

0.40 




llouti ^ 7.8 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

'oz 

Maximum Three-State Leakage 
Current 

Output in High-Impedance State 
Vin = V|LorV|H 

Vout = Vcc Of GND 

6.0 

±0.5 

±5.0 

±10 

pA 

'cc 

Maximum Quiescent Supply 
Current (per Package) 

Vjn = Vqq or GND 
•out = 0 fiA 

6.0 

8 

80 

160 

pA 


NOTE: Information on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6 ns) 


Symbol 

Parameter 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH- 

Maximum Propagation Delay, Input D to Q 

2.0 

175 

220 

265 

ns 

tPHL 

(Figures 1 and 5) 

4.5 

35 

44 

53 




6.0 

30 

37 

45 


tPLH. 

Maximum Propagation Delay, Latch Enable to Q 

2.0 

175 

220 

265 

ns 

tPHL 

(Figures 2 and 5) 

4.5 

35 

44 

53 




6.0 

30 

37 

45 


tPLZ. 

Maximum Propagation Delay, Output Enable to Q 

2.0 

150 

190 

225 

ns 

tPHZ 

(Figures 3 and 6) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tpZL. 

Maximum Propagation Delay, Output Enable to Q 

2.0 

150 

190 

225 

ns 

tpZH 

(Figures 3 and 6) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures 1 and 5) 

4.5 

12 

15 

18 




6.0 

10 

13 

15 


^in 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 

^out 

Maximum Three-State Output Capacitance 

— 

15 

15 

15 

pF 


(Output in High-Impedance State) 







NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 


CpD 


Power Dissipation Capacitance (Per Latch)* 


Typical @ 25°C, Vqc = 5.0 V 


37 


pF 


* Used to determine the no-load dynamic power consumption: Pq = Cpo VQQ^f + Iqq Vqq. For load considerations, see Chapter 2. 



High-Speed CMOS Logic Data 
DL129 — Rev6 


3-459 


MOTOROLA 






MC54/74HC563 


TIMING REQUIREMENTS (Input tr = tf == 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

^su 

Minimum Setup Time, Input D to Latch Enable 

2.0 

75 

95 

110 

ns 


(Figure 4) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


th 

Minimum Hold Time, Latch Enable to Input D 

2.0 

5 

5 

5 

ns 


(Figure 4) 

4.5 

5 

5 

5 




6.0 

5 

5 

5 


tw 

Minimum Pulse Width, Latch Enable 

2.0 

80 

100 

120 

ns 


(Figure 2) 

4.5 

16 

20 

, 24 




6.0 

14 

17 

20 


tplf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 


SWITCHING WAVEFORMS 


tf 

— Vcc 

= GND 

H* — tPLH 



Q ^ 

90% 

km 1 

r 

3 

tTHL — 

H 4 

^ tjLH 


Figure 1 . 




Figure 2. 



INPUT D 

LATCH 

ENABLE 




■ VALID - 


50% 


X 


Vcc 

GND 



Vcc 

GND 


Figure 4. 


TEST CIRCUITS 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T" 


4: 


TEST POINT 


DEVICE 

OUTPUT 

1kQ 

h-AAA^ 

[ CONNECT TO Vcc WHEN 

I TESTING tpLZ AND tpzL- 
I CONNECT TO GND WHEN 

UNDER 


I Cl* 

1 TESTING tpHZ and tpzH- 

TEST 

- 



* Includes all probe and jig capacitance 


* Includes all probe and jig capacitance 


Figure 5. 


Figure 6. 
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EXPANDED LOGIC DIAGRAM 













MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Octal 3-State 
Inverting D Flip-Flop 

High-Performance Silicon-Gate CMOS 

The MC74HC564 is identical in pinout to the LS564. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

This device is identical in function to the HC534A but has the flip-flop 
inputs on the opposite side of the package from the outputs to facilitate PC 
board layout. 

Data meeting the setup time is clocked, In inverted form, to the outputs 
with the rising edge of the Clock. The Output Enable input does not affect the 
states of the flip-flops, but when Output Enable is high, all device outputs are 
forced to the high-impedance state. Thus, data may be stored even when 
the outputs are not enabled. 

The HC564 is the inverting version of the HC574A. 

• Output Drive Capability: 15 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 282 FETs or 70.5 Equivalent Gates 


LOGIC DIAGRAM 



QO 

Q1 


Q2 

Q3 

Q4 


INVERTING 

OUTPUTS 


Q5 

Q6 


Q7 


PIN20 = Vcc 

PIN10 = GND 


l\/IC74HC564 



N SUFFIX 

PLASTIC PACKAGE 
CASE 738-03 

20^^ 

DW SUFFIX 

SOIC PACKAGE 

1 

CASE 751D-04 

ORDERING INFORMATION 

MC74HCXXXN 

Plastic 

MC74HCXXXDW SOIC 


PIN ASSIGNMENT 

Vcc 

] QO 
] Q1 
] Q2 
3 Q3 
] Q4 
] Q5 
] Q6 
] Q7 
] CLOCK 


OUTPUT 



FUNCTION TABLE 


Inputs 1 

Output 

Output 




Enable 

Clock 

D 

Q 

L 

V 

H 

L 

L 

V 

L 

H 

L 

L,H,^ 

X 

No Change 

H 

X 

X 

Z 


X = don’t care 
Z = high impedance 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqc + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±35 

mA 

•cc 

DC Supply Current, Vcc ^•^•^ P'f^s 

±75 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Package! 

750 

500 

mW 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc). 
Unused outputs must be left open. 


3 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25° C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out! — 20 jiA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vn,it = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


Vqh 

Minimum High-Level Output 

Vin = V|Hor V|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin ~ ViH or V|[_ llout^ — 0 0 mA 

4.5 

3.98 

3.84 

3.70 




Hout^ ^ 7.8 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = ViH or V|l Hout^ ^ 6.0 mA 

4.5 

0.26 

0.33 

0.40 




llout^ ^ 7.8 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•oz 

Maximum Three-State Leakage 

Output in High-Impedance State 

6.0 

±0.5 

±5.0 

±10 

pA 


Current 

Vin = V|LorV|H 

Vout = Vcc or GND 






•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tf = tf = 6 ns) 





Guaranteed Limit 




Vcc 

-55 to 




Symbol 

Parameter 

V 

25°C 

< 85°C 

< 125°C 

Unit 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 


(Figures 1 and 4) 

4.5 

30 

24 

20 




6.0 

35 

28 

24 


tPLH. 

Maximum Propagation Delay, Clock to Q 

2.0 

175 

220 

265 

ns 

tPHL 

(Figures 1 and 4) 

4.5 

35 

44 

53 




6.0 

30 

37 

45 


tPLZ. 

Maximum Propagation Delay, Output Enable to Q 

2.0 

150 

190 

225 

ns 

tPHZ 

(Figures 2 and 5) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tpZL- 

Maximum Propagation Delay, Output Enable to Q 

2.0 

150 

190 

225 

ns 

tPZH 

(Figures 2 and 5) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures 1 and 4) 

4.5 

12 

15 

18 




6.0 

10 

13 

15 


Gin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 

^out 

Maximum Three-State Output Capacitance 
(Output in High-Impedance State) 

— 

15 

15 

15 

pF 


NOTES; 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 


o 




Typical @ 25°C, Vcc = 5.0 V 


w 


CpD 

Power Dissipation Capacitance (Per Flip-Flop)* 

38 

pF 


* Used to determine the no-load dynamic power consumption: Pq = Cpp VQc^f + \qq Vqq. For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Input V = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

^su 

Minimum Setup Time, Data to Clock 

2.0 

100 

125 

150 

ns 


(Figure 3) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


th 

Minimum Hold Time, Clock to Data 

2.0 

5 

5 

5 

ns 


(Figure 3) 

4.5 

5 

5 

5 




6.0 

5 

5 

5 


tw 

Minimum Pulse Width, Clock 

2.0 

80 

100 

120 

ns 


(Figure 1) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tr.tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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SWITCHING WAVEFORMS 




Figure 1. 


Figure 2. 


DATA 


- VALID - 




X 


Vcc 

GND 


CLOCK 



Vcc 

GND 


Figure 3. 


TEST CIRCUITS 



TEST POINT 


TEST POINT 



OUTPUT 



OUTPUT 

1 kQ 

DEVICE 

UNDER 

TEST 


zee 

DEVICE 

UNDER 

TEST 

- 

ZCl* 



- 


- 

r 


CONNECT TO Vcc WHEN 
TESTING tpLzANDtpzL- 
CONNECT TO GND WHEN 
TESTING tpHZ and tpzH- 


* Includes all probe and jig capacitance 


* Includes all probe and jig capacitance 


Figure 4. 


Figure 5. 
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Octal 3-State Noninverting 
Transparent Latch 

High-Performance Silicon-Gate CMOS 

The MC54/74HC573A is identical in pinout to the LS573. The devices are 
compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

These latches appear transparent to data (i.e., the outputs change 
asynchronously) when Latch Enable is high. When Latch Enable goes low, 
data meeting the setup and hold time becomes latched. 

The HC573A is identical in function to the HCT373A but has the data 
inputs on the opposite side of the package from the outputs to facilitate PC 
board layout. 

The HC573A is the noninverting version of the HC563. 

• Output Drive Capability: 15 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 2.0 to 6.0 V 

• Low Input Current: 1 .0 pA 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 218 FETs or 54.5 Equivalent Gates 


MC54/74HC573A 



1 


20 ^^ 

1 


J SUFFIX 

CERAMIC PACKAGE 
CASE 732-03 


N SUFFIX 

PLASTIC PACKAGE 
CASE 738-03 


DW SUFFIX 

SOIC PACKAGE 
CASE 751 D-04 


ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 
MC74HCXXXAN Plastic 
MC74HCXXXADW SOIC 


LOGIC DIAGRAM 



PIN ASSIGNMENT 


OUTPUT r 
ENABLE •- 

1« 

20 

D0[ 

2 

19 

D1[ 

3 

18 

D2[ 

4 

17 

D3 [ 

5 

16 

D4[ 

6 

15 

05 [ 

7 

14 

06 [ 

8 

13 

07 [ 

9 

12 

GN0[ 

10 

11 


Vcc 

QO 

Q1 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

LATCH 

ENABLE 



Design Criteria 

Value 

Units 

Internal Gate Count* 

54.5 

ea. 

Internal Gate Propagation Delay 

1.5 

ns 

Internal Gate Power Dissipation 

5.0 

pW 

Speed Power Product 

0.0075 

pj 


* Equivalent to a two-input NAND gate. 


FUNCTION TABLE 


Inputs 1 

Output 

Output 

Latch 



Enable 

Enable 

D 

Q 

L 

H 

H 

H 

L 

H 

L 

L 

L 

L 

X 

No Change 

H 

X 

X 

Z 


X = Don’t Care 
Z = High Impedance 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5toVcc + 1-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±35 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 


"^stg 

Storage Temperature 

-65 to +150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: -10 mW/°C from 65° to 125°C 

Ceramic DIP: -10 mW/°C from 100° to 125°C 
SOIC Package: -7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 




This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit, For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate iogic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out^ — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

••out^ — 20 pA 

4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1 8 

1.8 


VOH 

Minimum High-Level Output 

Vin = V|H orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = ViHorV|L 

I lout! ^ 6.0 mA 

4.5 

3.98 

3.84 

3.7 




••out^ — 7.8 mA 

6.0 

5.48 

5.34 

5.2 


VOL 

Maximum Low-Level Output 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out! — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vjn = ViHorV|L 
••out^ — 6.0 mA 

4.5 

0.26 

0.33 

0.4 



■ 

••out^ — 7.8 mA 

6.0 

0.26 

0.33 

0.4 


•in 

Maximum Input Leakage Current 

Vjn = Vcc O'" 

6.0 

±0.1 

±1.0 

±1.0 

pA 


NOTE: Information on typical parametric values can be found in Chapter 2. 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

o 

o> 

> 

Guaranteed Limit 

Unit 

- 55 to 
25°C 

< 85°C 

< 125°C 

'oz 

Maximum Three-State Leakage 
Current 

Output in High-Impedance State 
Vin = V|LorV|H 

Vout = Vcc O'” 

6.0 

-0.5 

-5.0 

-10 

pA 

•cc 

Maximum Quiescent Supply 
Current (per Package) 

Vin = VcC orGHD 
llout* = 0 pA 

6.0 

4.0 

40 

160 

pA 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tp = tf = 6.0 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Input D to Q 

2.0 

150 

190 

225 

ns 

tPHL 

(Figures 1 and 5) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tPLH- 

Maximum Propagation Delay, Latch Enable to Q 

2.0 

160 

200 

240 

ns 

tPHL 

(Figures 2 and 5) 

4.5 

32 

40 

48 




6.0 

27 

34 

41 


fPLZ. 

Maximum Propagation Delay, Output Enable to Q 

2.0 

150 

190 

225 

ns 

tPHZ 

(Figures 3 and 6) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tpZL 

Maximum Propagation Delay, Output Enable to Q 

2.0 

150 

190 

225 

ns 

tpZH 

(Figures 3 and 6) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tTLH- 

Maximum Output Transition Time, Any Output 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures 1 and 5) 

4.5 

12 

15 

18 




6.0 

10 

13 

15 


Cin 

Maximum Input Capacitance 

10 

10 

10 

pF 

C^out 

Maximum Three-State Output Capacitance (Output in High-Impedance State) 

15 

15 

15 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Enabled Output)* 

23 


* Used to determine the no-load dynamic power consumption; Pp = Cpp VQQ^f + Iqq Vqq. For load considerations, see Chapter 2. 



TIMING REQUIREMENTS (Cl = 50 pF, Input tp = tf = 6.0 ns) 


Symbol 

Parameter 

Fig. 

Vcc 

Volts 

Guaranteed Limit 

Unit 

-55 to 25°C 

< 85°C 

< 125°C 

Min 

Max 

Min 

Max 

Min 

Max 

tsu 

Minimum Setup Time, Input D to Latch Enable 

4 

2.0 

50 


65 


75 


ns 




4.5 

10 


13 


15 






6.0 

9.0 


11 


13 



th 

Minimum Hold Time, Latch Enable to Input D 

4 

2.0 

5.0 


5.0 


5.0 


ns 




4.5 

5.0 


5.0 


5.0 






6.0 

5.0 


5.0 


5.0 



tw 

Minimum Pulse Width, Latch Enable 

2 

2.0 

75 


95 


110 


ns 




4.5 

15 


19 


22 






6.0 

13 


16 


19 



tr. tf 

Maximum Input Rise and Fall Times 

1 

2.0 


1000 


1000 


1000 

ns 




4.5 


500 


500 


500 





6.0 


400 


400 


400 
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SWITCHING WAVEFORMS 





TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 



-± 


* Includes all probe and jig capacitance 

Figure 5. Test Circuit 


TEST POINT 



C 



OUTPUT 

1kQ 

DEVICE 

UNDER 

TEST 

I 

ZCl* 





CONNECT TO Vcc WHEN 
TESTING tpLZ AND tpzL 
CONNECT TO GND WHEN 
TESTING tpHZ and tpzH- 


* Includes all probe and jig capacitance 


Figure 6. Test Circuit 
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SEMICONDUCTOR TECHNICAL DATA 


Octal 3-State Noninverting 
Transparent Latch with 
LSTTL Compatibie Inputs 

High-Performance Silicon-Gate CMOS 

The MC74HCT573A is identical in pinout to the LS573. This device may 
be used as a level converter for interfacing TTL or NMOS outputs to 
High-Speed CMOS inputs. 

These latches appear transparent to data (i.e., the outputs change 
asynchronously) when Latch Enable is high. When Latch Enable goes low, 
data meeting the setup and hold times becomes latched. 

The Output Enable input does not affect the state of the latches, but when 
Output Enable is high, all device outputs are forced to the high-impedance 
state. Thus, data may be latched even when the outputs are not enabled. 

The HCT573A is identical in function to the HCT373A but has the Data 
Inputs on the opposite side of the package from the outputs to facilitate PC 
board layout. 

The HCT573A is the noninverting version of the HC563. 

• Output Drive Capability: 15 LSTTL Loads 

• TTL/NMOS-Compatible Input Levels 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 4.5 to 5.5 V 

• Low Input Current: 10 pA 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 234 FETs or 58.5 Equivalent Gates 

— Improved Propagation Delays 

— 50% Lower Quiescent Power 


LOGIC DIAGRAM 



NONINVERTING 

OUTPUTS 


vcc 

GND 


Design Criteria 

Value 

Units 

Internal Gate Count* 

58.5 

ea 

Internal Gate Propagation Delay 

1.5 

ns 

Internal Gate Power Dissipation 

5.0 

pW 

Speed Power Product 

0.0075 

pj 


* Equivalent to a two-input NAND gate. 


MC74HCT573A 



^ M Ql IPPIY 

1 

1 1 PLASTIC PACKAGE 
CASE 738-03 

20^^ 

1 

DW SUFFIX 

SOIC PACKAGE 
CASE 751 D-04 

ORDERING INFORMATION 

MC74HCTXXXAN Plastic 
MC74HCTXXXADW SOIC 


PIN ASSIGNMENT 


OUTPUT r 
ENABLE 

1* 

20 

DO [ 

2 

19 

D1[ 

3 

18 

D2 [ 

4 

17 

D3 [ 

5 

16 

D4[ 

6 

15 

D5[ 

7 

14 

D6[ 

8 

13 

D7C 

9 

12 

GND[ 

10 

11 


Vcc 

QO 

01 

02 

03 

04 

05 

06 
07 

LATCH 

ENABLE 



FUNCTION TABLE 


Inputs 1 

Output 

Output 

Latch 



Enable 

Enable 

D 

Q 

L 

H 

H 

H 

L 

H 

L 

L 

L 

L 

X 

No Change 

H 

X 

X 

Z 


X = Don’t Care 
Z = High Impedance 
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MC74HCT573A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

-0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vcc + 1-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

lout 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqc and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW 

"^stg 

Storage Temperature 

- 65 to + 150 

°C 

tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: -10 mW/°C from 65° to 125°C 

SOIC Package: -7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (VjnOrVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

4.5 

5.5 

V 

Vim Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time (Figure 1) 

0 

500 

ns 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 







Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

4.5 

2.0 

2.0 

2.0 

V 


Voltage 

"out' — 20 |iA 

5.5 

2.0 

2.0 

2.0 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

4.5 

0.8 

0.8 

0.8 

V 


Voltage 

"out' — 20 pA 

5.5 

0.8 

0.8 

0.8 


VOH 

Minimum High-Level Output 

V|n = V|HorViL 

4.5 

4.4 

4.4 

4.4 

V 


Voltage 

"out' — 20 pA 

5.5 

5.4 

5.4 

5.4 




Vin = V|H or Vil 
" out' ^ 0.0 mA 

4.5 

3.98 

3.84 

3.7 


VoL 

Maximum Low-Level Output 

Vin = V|H orV|L 

4.5 

0.1 

0.1 

0.1 

V 


Voltage 

"out' ^ 20 pA 

5.5 

0.1 

0.1 

0.1 




Vin = V|H or V|l 
llout' ^ 0-0 mA 

4.5 

0.26 

0.33 

0.4 


'in 

Maximum Input Leakage Current 

Vin = Vcc GND 

5.5 

±0.1 

±1.0 

±1.0 

pA 

'oz 

Maximum Three-State 

Output in High-Impedance State 

5.5 

±0.5 

±5.0 

±10 

pA 


Leakage Current 

Vin = ViLorV|H 

Vout = Vcc 0*' 






'cc 

Maximum Quiescent Supply 

Vjn = Vcc Of GND 

5.5 

4.0 

40 

160 

pA 


Current (per Package) 

'out ^ 0 pA 






Alec 

Additional Quiescent Supply 

Vjn = 2.4 V, Any One Input 


>-55°C 

25°Cto125°C 



Current 

Vjn = Vcc or GND, Other Inputs 













'out = 0 pA 

5.5 

2.9 

2.4 

mA 


NOTE: Information on typical parametric values can be found in Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V ± 10%, Cl = 50 pF, Input tp = tf = 6.0 ns) 


Symbol 

Parameter 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

tPHL 

Maximum Propagation Delay, Input D to Output Q 
(Figures 1 and 5) 

30 

38 

45 

ns 

tPLH 

tPHL 

Maximum Propagation Delay, Latch Enable to Q 
(Figures 2 and 5) 

30 

38 

45 

ns 

TPLZ, 

TpHZ 

Maximum Propagation Delay, Output Enable to Q 
(Figures 3 and 6) 

28 

35 

42 

ns 

^tzl, 

tTZH 

Maximum Propagation Delay, Output Enable to Q 
(Figures 3 and 6) 

28 

35 

42 

ns 

II 

Maximum Output Transition Time, any Output 
(Figures 1 and 5) 

12 

15 

18 

ns 

Cin 

Maximum Input Capacitance 

10 

10 

10 

pF 

^out 

Maximum Three-State Output Capacitance 
(Output in High-Impedance State) 

15 

15 

15 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Enabled Output)* 

48 


* Used to determine the no-load dynamic power consumption: Pp = Cpp V0Q2f + iqq Vqq. For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Vcc = 5.0 V ± 10%, CL = 50pF, Input tp = tf = 6.0 ns) 


Symbol 

Parameter 

Fig. 

Guaranteed Limit 

Unit 

- 55 to 25°C 

< 85°C 

< 125°C 

Min 

Max 

Min 

Max 

Min 

Max 

^su 

Minimum Setup Time, Input D to Latch Enable 

4 

10 


13 


15 


ns 

th 

Minimum Hold Time, Latch Enable to Input D 

4 

5.0 


5.0 


5.0 


ns 

tw 

Minimum Pulse Width, Latch Enable 

2 

15 


19 


22 


ns 

tr. tf 

Maximum Input Rise and Fall Times 

1 


500 


500 


500 

ns 
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SWITCHING WAVEFORMS 



Figure 1 . 


Figure 2. 




TEST POINT 



* Includes all probe and jig capacitance 


Figure 5. Test Circuit 


TEST POINT 

CONNECT TO Vcc WHEN 
TESTING tpLZ AND tpzL 
CONNECT TO GND WHEN 
. TESTING tpHZ and tpzH- 


* Includes all probe and jig capacitance 


Figure 6. Test Circuit 




Figure 4. 


EXPANDED LOGIC DIAGRAM 
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Octal 3-State 
Noninverting D Flip-Flop 

High-Performance Silicon-Gate CMOS 

The MC54/74HC574A is identical in pinout to the LS574. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

Data meeting the setup time is clocked to the outputs with the rising edge 
of the Clock. The Output Enable input does not affect the states of the 
flip-flops, but when Output Enable is high, all device outputs are forced to 
the high-impedance state. Thus, data may be stored even when the outputs 
are not enabled. 

The HC574A is identical in function to the HCT374A but has the flip-flop 
inputs on the opposite side of the package from the outputs to facilitate PC 
board layout. 

The HC574A is the noninverting version of the HC564. 

• Output Drive Capability: 15 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 2.0 to 6.0 V 

• Low Input Current: 1 .0 pA 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 266 FETs or 66.5 Equivalent Gates 


LOGIC DIAGRAM 


DATA 

INPUTS 


DO- 
D1- 
D2- 
D3- 
D4- 
D5- 
D6- 
D7- 

CLOCK- 


2 


19 

3 


18 

4 


17 

5 


16 

6 


15 

7 


14 

8 


13 

9 


12 

11 

> 



NON- 

INVERTING 

OUTPUTS 


OUTPUT ENABLE - 


PIN20 = Vcc 

PIN10 = GND 


Design Criteria 

Value 

Units 

Internal Gate Count* 

66.5 

ea 

Internal Gate Propagation Delay 

1.5 

ns 

Internal Gate Power Dissipation 

5.0 

pW 

Speed Power Product 

0.0075 

pJ 


* Equivalent to a two-input NAND gate. 


MC54/74HC574A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 732-03 


N SUFFIX 

PLASTIC PACKAGE 
CASE 738-03 



DW SUFFIX 

SOIC PACKAGE 
CASE 751 D-04 



ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 
MC74HCXXXAN Plastic 
MC74HCXXXADW SOIC 


PIN ASSIGNMENT 


OUTPUT 

ENABLE 

DO 

D1 

D2 

D3 

D4 

D5 

D6 

D7 

GND 


vcc 

QO 

01 

02 

03 

04 

05 

06 
07 

CLOCK 


[ 

20 ] 

[ 2 

19 ] 

[ 3 

18 ] 

[ 4 

17 ] 

C 5 

16 ] 

[ 6 

15 ] 

[ 7 

14 ] 

[ 8 

13 ] 

[ 9 

12 ] 

[ 10 

11 ] 



FUNCTION TABLE 


Inputs I 

Output 

OE 

Clock 

D 

Q 

L 

J~ 

H 

H 

L 

J- 

L 

L 

L 

L,H,-V 

X 

No Change 

H 

X 

X 

Z 


X = Don’t Care 
Z = High Impedance 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±35 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DIPt 

750 

mW 


SOIC Packagef 

500 


Tstg 

Storage Temperature 

- 65 to -H 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: -10 mW/°C from 65° to 125°C 

Ceramic DIP: -10 mW/°C from 100° to 125°C 
SOIC Package: -7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


3 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out^ — 20 |iA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


VlL 

Maximum Low-Level Input 

Vout = 0.1VorVcc-0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

••out! — 20 |iA 

4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


VOH 

Minimum High-Level Output 

Vin = V|H orViL 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ ^ 20 |xA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = ViHor V|l 
llouti ^ 6.0 mA 

4.5 

3.98 

3.84 

3.7 




••out^ — ^'6 tnA 

6.0 

5.48 

5.34 

5.2 


VOL 

Maximum Low-Level Output 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 20 |xA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l 
•• out^ — 6-0 mA 

4.5 

0.26 

0.33 

0.4 



i 

••out* ^ 7.8 mA 

6.0 

0.26 

0.33 

0.4 


•in 

Maximum Input Leakage Current 

Vin = Vqq or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 


NOTE: Information on typical parametric values can be found in Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tp tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85° C 

< 125°C 

loz 

Maximum Three-State Leakage 
Current 

Output in High-Impedance State 
Vin = V|LorV|H 

Vout = Vcc 01' GND 

6.0 

+ 0.5 

±5.0 

±10 

[lA 

'cc 

Maximum Quiescent Supply 
Current (per Package) 

Vin = Vqq or GND 
llouti = 0 |iA 

6.0 

4.0 

40 

160 

pA 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6.0 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 


(Figures 1 and 4) 

4.5 

30 

24 

20 




6.0 

35 

28 

24 


tPLH. 

Maximum Propagation Delay, Clock to Q 

2.0 

160 

200 

240 

ns 

tPHL 

(Figures 1 and 4) 

4.5 

32 

40 

48 




6.0 

27 

34 

41 


tPLZ. 

Maximum Propagation Delay, Output Enable to Q 

2.0 

150 

190 

225 

ns 

tPHZ 

(Figures 2 and 5) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tpZL. 

Maximum Propagation Delay, Output Enable to Q 

2.0 

140 

175 

210 

ns 

tPZH 

(Figures 2 and 5) 

4.5 

28 

35 

42 




60 

24 

30 

36 


tTLH. 

Maximum Output Transition Time, any Output 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures 1 and 4) 

4.5 

12 

15 

18 




6.0 

10 

13 

15 


Cin 

Maximum Input Capacitance 

10 

10 

10 

pF 

C^out 

Maximum Three-State Output Capacitance, Output in High-Impedance State 

15 

15 

15 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vqc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Enabled Output)* 

24 


* Used to determine the no-load dynamic power consumption: Pq = Cpo VQQ^f + Iqq Vqq. For load considerations, see Chapter 2. 



TIMING REQUIREMENTS (Cl = 50 pF, Input ^ = tf = 6.0 ns) 


Symbol 

Parameter 

Fig. 

Vcc 

Volts 

Guaranteed Limit 

Unit 

- 55 to 25°C 

< 85°C 

^ 125°C 

Min 

Max 

Min 

Max 

Min 

Max 

tsu 

Minimum Setup Time, Data to Clock 

3 

2.0 

50 


65 


75 


ns 




4.6 

10 


13 


15 






6.0 

9.0 


11 


13 



th 

Minimum Hold Time, Clock to Data 

3 

2.0 

5.0 


5.0 


5.0 


ns 




4.5 

5.0 


5.0 


5.0 






6.0 

5.0 


5.0 


5.0 



tw 

Minimum Pulse Width, Clock 

1 

2.0 

75 


95 


110 


ns 




4.5 

15 


19 


22 






6.0 

13 


16 


19 



tr. tf 

Maximum Input Rise and Fall Times 

1 

2.0 


1000 


1000 


1000 

ns 




4.5 


500 


500 


500 





6.0 


400 


400 


400 
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* Includes all probe and jig capacitance 

Figure 4. 


TEST POINT 

' CONNECT TO Vcc WHEN 
TESTING tpLZ AND tpzL 
CONNECT TO GND WHEN 
, TESTING tpHZ and tpzH- 


* Includes all probe and jig capacitance 

Figure 5. Test Circuit 



EXPANDED LOGIC DIAGRAM 
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Octal 3-State 

Noninverting D Flip-Flop with 
LSTTL Compatible Inputs 

High-Performance Silicon-Gate CMOS 

The MC54/74HCT574A is identical in pinout to the LS574. This device 
may be used as a level converter for interfacing TTL or NMOS outputs to 
High Speed CMOS inputs. 

Data meeting the setup time is clocked to the outputs with the rising 
edge of the Clock. The Output Enable input does not affect the states of 
the flip-flops, but when Output Enable is high, all device outputs are 
forced to the high-impedance state. Thus, data may be stored even when 
the outputs are not enabled. 

The HCT574A is identical in function to the HCT374A but has the 
flip-flop inputs on the opposite side of the package from the outputs to 
facilitate PC board layout. 

• Output Drive Capability: 15 LSTTL Loads 
® TTL NMOS Compatible Input Levels 

• Outputs Directly Interface to CMOS, NMOS and TTL 

• Operating Voltage Range; 4.5 to 5.5 V 

• Low Input Current: 1 .0 pA 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 286 FETs or 71 .5 Equivalent Gates 


LOGIC DIAGRAM 



QO 


Q1 


Q2 

Q3 

Q4 

Q5 

Q6 

Q7 


NON- 

INVERTING 

OUTPUTS 


PIN20 = Vcc 
PIN10 = GND 


Design Criteria 

Value 

Units 

Internal Gate Count* 

71.5 

ea 

Internal Gate Propagation Delay 

1.5 

ns 

Internal Gate Power Dissipation 

5.0 

\i\N 

Speed Power Product 

0.0075 

pj 


* Equivalent to a two-input NAND gate. 


MC54/74HCT574A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 732-03 


N SUFFIX 

PLASTIC PACKAGE 
CASE 738-03 


DW SUFFIX 

SOIC PACKAGE 
CASE 751 D-04 

ORDERING INFORMATION 

MC54HCTXXXAJ Ceramic 
MC74HCTXXXAN Plastic 
MC74HCTXXXADW SOIC 



PIN ASSIGNMENT 

OUTPUT r 
ENABLE ^ 

1« 

20 

] vcc 

DO [ 

2 

19 

] QO 

D1[ 

3 

18 

]Q1 

D2 [ 

4 

17 

] 02 

D3 [ 

5 

16 

] 03 

D4[ 

6 

15 

] 04 

D5[ 

7 

14 

] 05 

D6[ 

8 

13 

] 06 

D7[ 

9 

12 

] 07 

GND[ 

10 

11 

] CLOCK 







FUNCTION TABLE 


I Inputs I 

Output 

OE 

Clock 

D 

Q 

L 

V" 

H 

H 

L 

J~ 

L 

L 

L 

L,H,-V 

X 

No Change 

H 

X 

X 

Z 


X = don’t care 
Z = high impedance 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5to Vcc + 1-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

lout 

DC Output Current, per Pin 

±35 

mA 

icc 

DC Supply Current, Vqc ^nd GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: -10 mW/°C from 65° to 125°C 

Ceramic DIP: -10 mW/°C from 100° to 125°C 
SOIC Package: -7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit, For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

4.5 

5.5 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr>tf 

Input Rise and Fall Time (Figure 1) 

0 

500 

ns 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

VlH 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

4.5 

2.0 

2.0 

2.0 

V 


Voltage 

llouti — 20 |iA 

5.5 

2.0 

2.0 

2.0 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

4.5 

0.8 

0.8 

0.8 

V 


Voltage 

llouti — 20 pA 

5.5 

0.8 

0.8 

0.8 


VOH 

Minimum High-Level Output 

Vjn = V|HorV|L 

4.5 

4.4 

4.4 

4.4 



Voltage 

llouti — 20 pA 

5.5 

5.4 

5.4 

5.4 




Vin = V|HorV|L 
llouti ~ 0.0 mA 

4.5 

3.98 

3.84 

3.7 

V 

VOL 

Maximum Low-Level Output 

Vin = V|Hor V|l 

4.5 

0.1 

0.1 

0.1 



Voltage 

llouti — 20 pA 

5.5 

0.1 

0.1 

0.1 




Vin = V|H orV|L 
llouti ^ 6.0 mA 

4.5 

0.26 

0.33 

0.4 


•in 

Maximum Input Leakage Current 

Vin = Vqq or GND 

5.5 

±0.1 

±1.0 

±1.0 

pA 

Icc 

Maximum Quiescent Supply 

Vin = Vqq or GND 







Current (per Package) 

lout = 0 pA 

5.5 

4.0 

40 

160 

pA 


1 . Output in high-impedance state. 

NOTE: Information on typical parametric values can be found in Chapter 2. 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

'oz 

Maximum Three-State Leakage 
Current 

Vin = ViLorV|H (Notel) 

Vout = VeC or GND 

5.5 

-0.5 

-5.0 

-10 

pA 


Alec 


Additional Quiescent Supply 
Current 


Vjn = 2.4 V, Any One Input 
Vin = Vec Of GND, Other Inputs 
lout = 0 A 


5.5 


>-55°C 

25°Cto125°C 

2.9 

2.4 


mA 


1 . Output in high-impedance state. 


AC ELECTRICAL CHARACTERISTICS (Vec = 5.0 V ± 10%. Cl = 50 pF, Input tp = tf = 6.0 ns) 




Guaranteed Limit 


Symbol 

Parameter 

-55 to 

25° C 

< 85°C 

< 125°C 

Unit 

fMAX 

Maximum Clock Frequency (50% Duty Cycle) (Figures 1 and 4) 

30 

24 

20 

MHz 

tPLH. 

tPHL 

Maximum Propagation Delay, Clock to Q 
(Figures 1 and 4) 

30 

38 

45 

ns 

tPLZ. 

tPHZ 

Maximum Propagation Delay, Output Enable to Q 
(Figures 2 and 5) 

28 

35 

42 

ns 

tpZH. 

tpZL 

Maximum Propagation Delay Time, Output Enable to Q 
(Figures 2 and 5) 

28 

35 

42 

ns 

tTLH. 

tTHL 

Maximum Output Transition Time, Any Output 
(Figures 1, 2 and 4) 

12 

15 

18 

ns 

Gin 

Maximum Input Capacitance 

10 

10 

10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 





Typical @ 25°C, Mqc = 5 0 V 

CpD 

Power Dissipation Capacitance (Per Flip-Flop)* 

58 


* Used to determine the no-load dynamic power consumption: Pp = Cpp Vcc^^ + ICC ^CC- For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Vec = 5.0 V ± 10%, Cl = 50 pF, Input tr = tf = 6.0 ns) 


Symbol 

Parameter 

Fig. 

Guaranteed Limit 

Unit 

-55 to 25° C 

< 85°C 

< 125°C 

Min 

Max 

Min 

Max 

Min 

Max 

^su 

Minimum Setup Time, Data to Clock 

3 

10 


13 


15 


ns 

th 

Minimum Hold Time, Clock to Data 

3 

5.0 


5.0 


5.0 


ns 

tw 

Minimum Pulse Width, Clock 

1 

15 


19 


22 


ns 

tr. If 

Maximum Input Rise and Fall Times 

1 


500 


500 


500 

ns 
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EXPANDED LOGIC DIAGRAM 



Figure 1. 


DATA- 


- VALID - 


) F ) ( 


CLOCIT" 


^^1.3V 


-3.0 V 
-GND 
-3.0 V 


GND 


Figure 3. 


Figure 2. 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


4 : 


* Includes all probe and jig capacitance 

Figure 4. Test Circuit 


TEST POINT 


DEVICE 

C 

OUTPUT 

1 kQ 

H->WV 

'connect TO VccWHEN 
TESTING tpLzANDtpzL 
CONNECT TO GND WHEN 

UNDER 


ZCl* 

[testing tpHZANDtpzH- 

TEST 

- 



* Includes all probe and jig capacitance 

Figure 5. Test Circuit 
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8-Bit Serial or Parallel-Input/ 
Serial-Output Shift Register 
with 3-State Output 

High-Performance Silicon-Gate CMOS 

The MC54/74HC589 is similar in function to the HC597, which is not a 
3-state device. The device inputs are compatible with standard CMOS 
outputs, with pullup resistors, they are compatible with LSTTL outputs. 

This device consists of an 8-bit storage latch which feeds parallel data to 
an 8-bit shift register. Data can also be loaded serially (see Function Table). 
The shift register output, Qh, is a three-state output, allowing this device to 
be used in bus-oriented systems. 

The HC589 directly interfaces with the Motorola SPI serial data port on 
CMOS MPUs and MCUs. 

• Output Drive Capability: 1 5 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 
o Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 526 FETs or 1 31 .5 Equivalent Gates 


MC54/74HC589 



LOGIC DIAGRAM 



PIN ASSIGNMENT 

B[ 

1 • 

16 

] vcc 

C[ 

2 

15 

]A 

D[ 

3 

14 

] Sa 




. SERIAL SHIFT/ 

E [ 

4 

13 

-I PARALLEL LOAD 

F[ 

5 

12 

] LATCH CLOCK 

G[ 

6 

11 

] SHIFT CLOCK 

H[ 

7 

10 

] OUTPUT ENABLE 

GND [ 

8 

9 

]Qh 


SERIAL 

DATA 

OUTPUT 
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MAXIMUM RATINGS* 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP; -10 mW/°C from 65° to 125°C 

Ceramic DIP: -10 mW/°C from 100° to 125°C 
SOIC Package: -7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


3 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

llouti — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

l^outl — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|H orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

llout^ — 20 pA 

4.5 

4.4 

4.4 

4.4 , 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V||_ llouti ^ 6.0 mA 

4.5 

3.98 

3.84 

3.70 




llouti ^ 7.8 mA 

6.0 

5.48 

5.34 

5.20 


VoL 

Maximum Low-Level Output 

Vin = V,H 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

llouti — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vjn = V|H or V|l llouti ^ 6.0 mA 

4.5 

0.26 

0.33 

0.40 




llouti — 7.8 mA 

6.0 

0.26 

0.33 

0.40 


■in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

loz 

Maximum Three-State Leakage 

Output in High-Impedance State 

6.0 

±0.5 

±5.0 

±10 

pA 


Current 

Vin = V|Lor V|h 

Vout = Vcc or GND 






icc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

lout = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage,. Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 



Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vcc + 1 -5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-6 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

lout 

DC Output Current, per Pin 

±35 

mA 

'cc 

DC Supply Current, Vcc and GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Package! 

500 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (Vm or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc)- 
Unused outputs must be left open. 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 





Guaranteed Limit 




Vcc 

-55 to 




Symbol 

Parameter 

V 

25°C 

< 85°C 

< 125°C 

Unit 

fmax 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 


(Figures 2 and 8) 

4.5 

30 

24 

20 




6.0 

35 

28 

24 


tPLH. 

Maximum Propagation Delay, Latch Clock to Qh 

2.0 

210 

265 

315 

ns 

tPHL 

(Figures 1 and 8) 

4.5 

42 

53 

63 




6.0 

36 

45 

54 


tPLH. 

Maximum Propagation Delay, Shift Clock to Qh 

2.0 

175 

220 

265 

ns 

tPHL 

(Figures 2 and 8) 

4.5 

35 

44 

53 




6.0 

30 

37 

45 


tPLH. 

Maximum Propagation Delay, Serial Shift/Parallel Load to Qh 

2.0 

175 

220 

265 

ns 

tPHL 

(Figures 4 and 8) 

4.5 

35 

44 

53 




6.0 

30 

37 

45 


tPLZ. 

Maximum Propagation Delay, Output Enable to Qh 

2.0 

150 

190 

225 

ns 

tPHZ 

(Figures 3 and 9) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tpZL. 

Maximum Propagation Delay, Output Enable to Qh 

2.0 

150 

190 

225 

ns 

tpZH 

(Figures 3 and 9) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures 1 and 8) 

4.5 

12 

15 

18 




6.0 

10 

13 

15 


^in 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 

^out 

Maximum Three-State Output Capacitance (Output in 
High-Impedance State) 

— 

15 

15 

15 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 





Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Package)* 

50 


* Used to determine the no-load dynamic power consumption: Pq = CpQ Vcc^^ + ICC ^CC- For load considerations, see Chapter 2. 
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TIMING REQUIREMENTS (Input tr = tf = 6 ns) 


Symbol 

Parameter 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

fsu 

Minimum Setup Time, A-H to Latch Clock 

2.0 

100 

125 

150 

ns 


(Figure 5) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


tsu 

Minimum Setup Time, Serial Data Input Sa to Shift Clock 

2.0 

100 

125 

150 

ns 


(Figure 6) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


^su 

Minimum Setup Time, Serial Shift/Parallel Load to Shift Clock 

2.0 

100 

125 

150 

ns 


(Figure 7) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


th 

Minimum Hold Time, Latch Clock to A-H 

2.0 

25 

30 

40 

ns 


(Figure 5) 

4.5 

5 

6 

8 




6.0 

5 

6 

7 


th 

Minimum Hold Time, Shift Clock to Serial Data Input Sa 

2.0 

5 

5 

5 

ns 


(Figure 6) 

4.5 

5 

5 

5 




6.0 

5 

5 

5 


tw 

Minimum Pulse Width, Shift Clock 

2.0 

80 

100 

120 

ns 


(Figure 2) 

4.5 

16 

20 

. 24 




6.0 

14 

17 

20 


tw 

Minimum Pulse Width, Latch Clock 

2.0 

80 

100 

120 

ns 


(Figure 1) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tw 

Minimum Pulse Width, Serial Shift/Parallel Load 

2.0 

80 

100 

120 

ns 


(Figure 4) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tr.tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 



FUNCTION TABLE 


Operation 

Inputs 

Resulting Function 

Output 

Enable 

Serial Shift/ 
Parallel Load 

Latch 

Clock 

Shift 

Clock 

Serial 

Input 

Sa 

Parallel 

Inputs 

A-H 

Data 

Latch 

Contents 

Shift 

Register 

Contents 

Output 

Qh 

Force output into high 
impedance state 

H 

X 

X 

X 

X 

X 

X 

X 

z 

Load parallel data into 
data latch 

L 

H 

V 

L, H,^ 

X 

a-h 

a-h 

U 

u 

Transfer latch contents to 
shift register 

L 

L 

L, H,'\. 

X 

X 

X 

U 

LRfvj SRn 

LRh 

Contents of input latch 
and shift register are 
unchanged 

L 

H 

L. H.A. 

U H.'V 

X 

X 

U 

U 

u 

Load parallel data Into 
data latch and shift 
register 

L 

L 

-A 

X 

X 

a-h 

a-h 

a-h 

h 

Shift serial data into shift 
register 

L 

H 

X 

J~ 

D 

X 


SRa = D, 

SRn -> SRn+1 

SRq -> SRh 

Load parallel data in data 
latch and shift serial data 
into shift register 

L 

H 

J- 

J- 

D 

a-h 

a-h 

SRa = D, 

SRn SRfvi+i 

SRq -> SRh 


LR = latch register contents U = remains unchanged 

SR = shift register contents X = don’t care 

a-h = data at parallel data inputs A-H Z = high impedance 

D = data (L, H) at serial data input S/\ * = depends on Latch Clock input 
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SWITCHING WAVEFORMS 



Figure 1. (Serial Shift/Parallel Load = L) 


Figure 2. (Serial Shift/Parallel Load = H) 



Figure 3. Figure 4. 



Figure 5. Figure 6. 



TEST POINT 



* Includes all probe and jig capacitance 

Figure 8. Test Circuit 
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TEST CIRCUIT 


TEST POINT 



C 

OUTPUT 

1 kQ 
> V\A; 

DEVICE 



UNDER 



TEST 

- 

ZCl* 


- 

r 


CONNECT TO Vcc WHEN 
TESTING tpLzANDtpzL- 
CONNECT TO GND WHEN 
TESTING tpHzANDtpzH- 


* Includes all probe and jig capacitance 


Figure 9. 


PIN DESCRIPTIONS 


DATA INPUTS 

A, B, C, D, E, F, G, H (Pins 15, 1, 2, 3, 4, 5, 6, 7) 

Parallel data inputs. Data on these inputs are stored in the 
data latch on the rising edge of the Latch Clock input. 


Shift Clock (Pin 11) 

Serial shift clock, A low-to-high transition on this input 
shifts data on the serial data input into the shift register and 
data in stage H is shifted out Qh. being replaced by the data 
previously stored in stage G. 



SA(Pin14) 

Serial data input. Data on this input is shifted into the shift 
regis ter on the ris ing edge of the Shift Clock input if Serial 
Shift/Parall el Load is high . Data on this input is ignored when 
Serial Shift/Parallel Load Is low. 


CONTROL INPUTS 


Serial Shift/Parallel Load (Pin 13) 

Shift register mode control. When a high level is applied to 
this pin, the shift register is allowed to serially shift data. 
When a low level is applied to this pin, the shift register ac- 
cepts parallel data from the data latch. 


Latch Clock (Pin 12) 

Data latch clock. A low-to-high transition on this input 
loads the parallel data on inputs A-H into the data latch. 

Output Enable (Pin 10) 

Active-low output enable A high level applied to this pin 
forces the Qh output into the high impedance state. A low 
level enables the output. This control does not affect the 
state of the input latch or the shift register. 

OUTPUT 

Qh (Pin 9) 

Serial data output. This pin is the output from the last stage 
of the shift register. This is a 3-state output. 
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TIMING DIAGRAM 


SHIFT CLOCK 

SERIAL DATA 
INPUT, Sa 






OUTPUT ENABLE 

SERIAL SHIFT/ 
PARALLEL LOAD 



I 

I 



RESET LATCH LOAD LATCH PARALLEL LOAD LOAD LATCH PARALLEL LOAD PARALLEL LOAD, LATCH 


AND SHIFT REGISTER SHIFT REGISTER SHIFT REGISTER AND SHIFT REGISTER 
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LOGIC DETAIL 


OUTPUT ENABLE - 

Sa 


14 


-i> — 1 >^ 


SHIFT CLOCK- 


■l>H> 



'NOTE: Stages C thru G (not shown in detail) are identical to stages A and B above. 









MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Product Preview 

8-Bit Serial or Parallel-Input/ 
Serial-Output Shift Register 
with 3-State Output 

High-Performance Silicon-Gate CMOS 

The MC54/74HC589A is similar in function to the HC597, which is not a 
3-state device. The device inputs are compatible with standard CMOS 
outputs, with pullup resistors, they are compatible with LSTTL outputs. 

This device consists of an 8-bit storage latch which feeds parallel data to 
an 8-bit shift register. Data can also be loaded serially (see Function Table). 
The shift register output, Qh, is a three-state output, allowing this device to 
be used in bus-oriented systems. 

The HC589A directly interfaces with the Motorola SPI serial data port on 
CMOS MPUs and MCUs. 

• Output Drive Capability: 15 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 )iA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7 A 

• Chip Complexity: 526 FETs or 1 31 .5 Equivalent Gates 


LOGIC DIAGRAM 


MC54/74HC589A 


J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 


N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 


D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 


DT SUFFIX 

16-^^ TSSOP PACKAGE 

1 CASE 948F-01 


ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 

MC74HCXXXAN Plastic 

MC74HCXXXAD SOIC 

MC74HCXXXADT TSSOP 




SERIAL , 
DATA ] Sa 
INPUT I 


PARALLEL 

DATA 

INPUTS 


A 

B 

C 

D 

E 

F 

G 

H 


LATCH CLOCK 


15 

1 

2 

3 

4 

5 

6 
7 



















DATA 


SHIFT 

LATCH 


REGISTER 







> 



> 


r 


Vcc = PIN16 
GND = PIN 8 




SERIAL 

Qh\ data 

OUTPUT 


PIN ASSIGNMENT 

B[ 

1 • 

16 

]VCC 

C[ 

2 

15 

]A 

D[ 

3 

14 

]Sa 




T SERIAL SHIFT/ 

E [ 

4 

13 

-1 PARALLEL LOAD 

F[ 

5 

12 

] LATCH CLOCK 

G[ 

6 

11 

] SHIFT CLOCK 

H[ 

7 

10 

] OUTPUT ENABLE 

GND [ 

8 

9 

]Qh 


SHIFT CLOCK — 

SERIAL SHIFT/ 13 
PARALLEL LOAD 

OUTPUT ENABLE — 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vcc + "I -5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±35 

mA 

>CC 

DC Supply Current, Vcc GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


^stg 

Storage Temperature 

- 65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC or TSSOP Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: -10 mW/°C from 65° to 125°C 


Ceramic DIP: -10 mW/°C from 100° to 125°C 
SOIC Package: -7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 



Vcc = 3.0 V 

0 

TBD 



(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 


400 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

llouti ^ 20 pA 

3.0 

2.1 

2.1 

2.1 





4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

llouti — 20 pA 

3.0 

0.9 

0.9 

0.9 





4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


VOH 

Minimum High-Level Output 

Vin = V|H or V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

llouti ^ 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = ViH or V|l llouti ^ 2.4 mA 

3.0 

2.48 

2.34 

2.20 




llouti — 6.0 mA 

4.5 

3.98 

3.84 

3.70 




llouti — ^-6 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

llouti — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|HorV|L llouti a 2.4 mA 

3.0 

0.26 

0.33 

0.40 




llouti — 6.0 mA 

4.5 

0.26 

0.33 

0.40 




llouti — ^-6 mA 

6.0 

0.26 

0.33 

0.40 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

•in 

Maximum Input Leakage Current 

Vin = Vqq or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•oz 

Maximum Three-State Leakage 
Current 

Output in High-Impedance State 
Vin = ViLorViH 

Vout = Vcc or GND 

6.0 

±0.5 

±5.0 

±10 

pA 

•cc 

Maximum Quiescent Supply 
Current (per Package) 

Vin = Vcc or GND 
•out = 0 pA 

6.0 

4 

40 

160 

pA 


NOTE: Information on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 





Guaranteed Limit 




Vcc 

-55 to 




Symbol 

Parameter 

V 

25°C 

< 85°C 

< 125°C 

Unit 

fmax 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 


(Figures 2 and 8) 

3.0 

TBD 

TBD 

TBD 




4.5 

30 

24 

20 




6.0 

35 

28 

24 


tPLH. 

Maximum Propagation Delay, Latch Clock to Qh 

2.0 

175 

225 

275 

ns 

tPHL 

(Figures 1 and 8) 

3.0 

100 

110 

125 




4.5 

40 

50 

60 




6.0 

30 

40 

50 


tpLH. 

Maximum Propagation Delay, Shift Clock to Qh 

2.0 

160 

200 

240 

ns 

tPHL 

(Figures 2 and 8) 

3.0 

90 

130 

160 




4.5 

30 

40 

48 




6.0 

25 

30 

40 


tpLH. 

Maximum Propagation Delay, Serial Shift/Parallel Load to Qh 

2.0 

160 

200 

240 

ns 

tPHL 

(Figures 4 and 8) 

3.0 

90 

130 

160 




4.5 

30 

40 

48 




6.0 

25 

30 

40 


tPLZ. 

Maximum Propagation Delay, Output Enable to Qh 

2.0 

150 

170 

200 

ns 

tpHZ 

(Figures 3 and 9) 

3.0 

80 

100 

130 




4.5 

27 

30 

40 




6.0 

23 

25 

30 


tpZL. 

Maximum Propagation Delay, Output Enable to Qh 

2.0 

150 

170 

200 

ns 

tpZH 

(Figures 3 and 9) 

3.0 

80 

100 

130 




4.5 

27 

30 

40 




6.0 

23 

25 

30 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures 1 and 8) 

3.0 

TBD 

TBD 

TBD 




4.5 

12 

15 

18 




6.0 

10 

13 

15 


Cin 

Maximum Input Capacitance 

— 

10 

10 

10 

pF 

Cout 

Maximum Three-State Output Capacitance (Output in 
High-Impedance State) 

— 

15 

15 

15 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 





Typical @ 25°C, Vqc = 5.0 V 

CPD 

Power Dissipation Capacitance (Per Package)* 

50 


* Used to determine the no-load dynamic power consumption: Pq = Cpp VcQ2f + Iqq Vqq. For load considerations, see Chapter 2. 
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TIMING REQUIREMENTS (Input tr = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

^su 

Minimum Setup Time, A-H to Latch Clock 

2.0 

100 

125 

150 

ns 


(Figure 5) 

3.0 

TBD 

TBD 

TBD 




4.5 

20 

25 

30 




6.0 

17 

21 

26 


^su 

Minimum Setup Time, Serial Data Input Sa to Shift Clock 

2.0 

100 

125 

150 

ns 


(Figure 6) 

3.0 

TBD 

TBD 

TBD 




4.5 

20 

25 

30 




6.0 

17 

21 

26 


^su 

Minimum Setup Time, Serial Shift/Parallel Load to Shift Clock 

2.0 

100 

125 

150 

ns 


(Figure 7) 

3.0 

TBD 

TBD 

TBD 




4.5 

20 

25 

30 




6.0 

17 

21 

26 


th 

Minimum Hold Time, Latch Clock to A-H 

2.0 

25 

30 

40 

ns 


(Figure 5) 

3.0 

TBD 

TBD 

TBD 




4.5 

5 

6 

8 




6.0 

5 

6 

7 


th 

Minimum Hold Time, Shift Clock to Serial Data Input Sa 

2.0 , 

5 

5 

5 

ns 


(Figure 6) 

3.0 

5 

5 

5 




4.5 

5 

5 

5 




6.0 

5 

5 

5 


tw 

Minimum Pulse Width, Shift Clock 

2.0 

75 

95 

110 

ns 


(Figure 2) 

3.0 

TBD 

TBD 

TBD 




4.5 

15 

19 

23 




6.0 

13 

16 

19 


tw 

Minimum Pulse Width, Latch Clock 

2.0 

80 

100 

120 

ns 


(Figure 1) 

3.0 

TBD 

TBD 

TBD 




4.5 

16 

20 

24 




6.0 

14 

17 

20 


tw 

Minimum Pulse Width, Serial Shift/Parallel Load 

2.0 

80 

100 

120 

ns 


(Figure 4) 

3.0 

TBD 

TBD 

TBD 




4.5 

16 

20 

24 




6.0 

14 

17 

20 


tntf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

3.0 

TBD 

TBD 

TBD 




4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE; Information on typical parametric values can be found in Chapter 2. 
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FUNCTION TABLE 


Operation 

Inputs 

Resulting Function 

Output 

Enable 

Serial Shift/ 
Parallel Load 

Latch 

Clock 

Shift 

Clock 

Serial 

Input 

Sa 

Parallel 

Inputs 

A-H 

Data 

Latch 

Contents 

Shift 

Register 

Contents 

Output 

Qh 

Force output into high 
impedance state 

H 

X 

X 

X 

X 

X 

X 

X 

z 

Load parallel data into 
data latch 

L 

H 

J- 

L. H.'V 

X 

a-h 

a-h 

U 

u 

Transfer latch contents to 
shift register 

L 

L 



X 

X 

U 

LR[vj -> SRfvj 

LRh 

Contents of input latch 
and shift register are 
unchanged 

L 

H 

U H.A. 

L, H.“V 

X 

X 

U 

U 

u 

Load parallel data into 
data latch and shift 
register 

L 

L 



X 


a-h 

a-h 

h 

Shift serial data into shift 
register 

L 

H 

X 

■ 

D 

X 


SRa = D, 

SRn -> SRn+1 

SRq SRh 

Load parallel data in data 
latch and shift serial data 
into shift register 

L 

H 

J- 

J~ 

D 

a-h 

a-h 

SRa = D, 

SRn->SRn+1 

SRq SRh 


LR = latch register contents 

SR = shift register contents 

a-h = data at parallel data inputs A-H 

D = data (L, H) at serial data input Sa 


U = remains unchanged 
X = don’t care 
Z = high impedance 
* = depends on Latch Clock input 
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SWITCHING WAVEFORMS 



Figure 1. (Serial Shift/Parallel Load = L) 


Figure 2. (Serial Shift/Parallel Load = H) 




Figure 7. 



Figure 6. 


TEST POINT 



* Includes all probe and jig capacitance 

Figure 8. Test Circuit 
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TEST CIRCUIT 


TEST POINT 



C 

OUTPUT 

j) 

1 ka 

1 vw 

DEVICE 



UNDER 



TEST 

- 

ICl‘ 


- 

- 


CONNECTTOVccWHEN 
TESTING tpLZ AND tpzL- 
CONNECT TO GND WHEN 
TESTING tpHZ AND tpzH- 


* Includes all probe and jig capacitance 


Figure 9. 


PIN DESCRIPTIONS 


DATA INPUTS 

A, B, C, D, E, F, G, H (Pins 15, 1, 2, 3, 4, 5, 6, 7) 

Parallel data inputs. Data on these inputs are stored in the 
data latch on the rising edge of the Latch Clock input. 

SA(Pin14) 

Serial data input. Data on this input is shifted into the shift 
regis ter on the ris ing edge of the Shift Clock input if Serial 
Shift/Parall el Load is high . Data on this input is ignored when 
Serial Shift/Parallel Load is low. 


CONTROL INPUTS 


Serial Shift/Parallel Load (Pin 13) 

Shift register mode control. When a high level is applied to 
this pin, the shift register is allowed to serially shift data. 
When a low level is applied to this pin, the shift register ac- 
cepts parallel data from the data latch. 


Shift Clock (Pin 11) 

Serial shift clock. A low-to-high transition on this input 
shifts data on the serial data input into the shift register and 
data in stage H is shifted out Qh, being replaced by the data 
previously stored in stage G. 

Latch Clock (Pin 12) 

Data latch clock. A low-to-high transition on this input 
loads the parallel data on inputs A-H into the data latch. 


Active-low output enable A high level applied to this pin 
forces the Qh output into the high impedance state. A low 
level enables the output. This control does not affect the 
state of the input latch or the shift register. 


Qh (Pin 9) 

Serial data output. This pin is the output from the last stage 
of the shift register. This is a 3-state output. 


Output Enable (Pin 10) 


OUTPUT 
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TIMING DIAGRAM 



AND SHIFT REGISTER 


SHIFT REGISTER 


SHIFT REGISTER AND SHIFT REGISTER 
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SEMICONDUCTOR TECHNICAL DATA 


8-Bit Serial-Input/Serial or 
Parallel-Output Shift Register 
with Latched 3-State Outputs 

High-Performance Silicon-Gate CMOS 



The MC54/74HC595A is identical in pinout to the LS595. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

The HC595A consists of an 8-bit shift register and an 8-bit D-type latch 
with three-state parallel outputs. The shift register accepts serial data and 
provides a serial output. The shift register also provides parallel data to the 
8-bit latch. The shift register and latch have independent clock inputs. This 
device also has an asynchronous reset for the shift register. 

The HC595A directly interfaces with the Motorola SPI serial data port on 
CMOS MPUs and MCUs. 

• Output Drive Capability: 15 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2.0 to 6.0 V 
•, Low Input Current: 1 .0 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 328 FETs or 82 Equivalent Gates 

• Improvements over HC595 

— Improved Propagation Delays 

— 50% Lower Quiescent Power 

— Improved Input Noise and Latchup Immunity 


MC54/74HC595A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 



N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 



D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 



DT SUFFIX 

TSSOP PACKAGE 
CASE 948F-01 


ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 
MC74HCXXXAN Plastic 

MC74HCXXXAD SOIC 

MC74HCXXXADT TSSOP 


LOGIC DIAGRAM 


SERIAL 
DATA • 
INPUT 


SHIFT 

REGISTER 


SHIFT 11 
CLOCK 

RESET Jl. 

LATCH 12 
CLOCK 
OUTPUT 13 
ENABLE 




T, 


r-> 


LATCH 


Qa 

Qb 

Qc 

Qd 

Qe 

Qf 

Qg 

Qh 


SQh 


PARALLEL 

DATA 

OUTPUTS 


SERIAL 

DATA 

OUTPUT 


PIN ASSIGNMENT 

Qb [ 

1 • 

16 

] vcc 

Qc[ 

2 

15 

]Qa 

Qd [ 

3 

14 

]A 

Qe[ 

4 

13 

] OUTPUT ENABLE 

Qf[ 

5 

12 

] LATCH CLOCK 

Qg[ 

6 

11 

] SHIFT CLOCK 

QhC 

7 

10 

] RESET 

GND[ 

8 

9 

]SQh 


Vcc = PIN16 
GND = PIN8 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±35 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC or TSSOP Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage 
(Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tptf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vj^ and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

VlH 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out! ^ 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

••out* — 20 pA 

4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


VOH 

Minimum High-Level Output 

Vin = V|H or V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage, Qa - Qh 

••outi — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or Vil Hout^ ^ 0.0 mA 

4.5 

3.98 

3.84 

3.7 




••out^ ^ T'.S mA 

6.0 

5.48 

5.34 

5.2 


VoL 

Maximum Low-Level Output 

Vin = V|HorV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage, Qa - Qh 

••out! — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = VlH or V|l Hout^ ^ 6.0 mA 

4.5 

0.26 

0.33 

0.4 




••out^ — 7.8 mA 

6.0 

0.26 

0.33 

0.4 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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DC ELECTRICAL CHARACTERISTICS (Continued) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

VOH 

Minimum High-Level Output 

Vin = V|H or V|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage, SQh 

'*OUt^ 20 |xA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l llout' s 4.0 mA 

4.5 

3.98 

3.84 

3.7 




llouti ^ 5.2 mA 

6.0 

5.48 

5.34 

5.2 


VOL 

Maximum Low-Level Output 

Vin = V|H or V|l 

2.0 

0.1 

0.1 

0.1 

V 


Voltage, SQh 

l^out^ — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|HorV|L llout's 4.0 mA 

4.5 

0.26 

0.33 

0.4 




IIqu^I ^ 5.2 mA 

6.0 

0.26 

0.33 

0.4 


hn 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

'oz 

Maximum Three-State Leakage 

Output in High-Impedance State 

6.0 

±0.5 

±5.0 

±10 

pA 


Current, Q/\ - Qh 

Vin = V|LorV|H 

Vout = Vcc or GND 






'cc 

Maximum Quiescent Supply 

Vin = VpQ or GND 

6.0 

4.0 

40 

160 

pA 


Current (per Package) 

•out = 0 pA 




. 



AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6.0 ns) 


Symbol 

Parameter 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

fmax 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 


(Figures 1 and 7) 

4.5 

30 

24 

20 




6.0 

35 

28 

24 


tPLHr 

Maximum Propagation Delay, Shift Clock to SQh 

2.0 

140 

175 

210 

ns 

tPHL 

(Figures 1 and 7) 

4.5 

28 

35 

42 




6.0 

24 

30 

36 


tPHL 

Maximum Propagation Delay, Reset to SQh 

2.0 

145 

180 

220 

ns 


(Figures 2 and 7) 

4.5 

29 

36 

44 




6.0 

25 

31 

38 


tPLH. 

Maximum Propagation Delay, Latch Clock to Q/^ - Qh 

2.0 

140 

175 

210 

ns 

tPHL 

(Figures 3 and 7) 

4.5 

28 

35 

42 




6.0 

24 

30 

36 


tPLZ. 

Maximum Propagation Delay, Output Enable to Qa - Qh 

2.0 

150 

190 

225 

ns 

tPHZ 

(Figures 4 and 8) 

4.5 

30 

38 

45 




6.0 

26 

33 

38 


tpZL. 

Maximum Propagation Delay, Output Enable to Qa - Qh 

2.0 

135 

170 

205 

ns 

tPZH 

(Figures 4 and 8) 

4.5 

27 

34 

41 




6.0 

23 

29 

35 


tTLH. 

Maximum Output Transition Time, Qa - Qh 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures 3 and 7) 

4.5 

12 

15 

18 




6.0 

10 

13 

15 


tTLH. 

Maximum Output Transition Time, SQh 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 7) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

— 

10 

10 

10 

pF 

C^out 

Maximum Three-State Output Capacitance (Output in 

— 

15 

15 

15 

pF 


High-Impedance State), Qa - Qh 







NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vqc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Package)*' 

300 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VpQ^f + Iqq Vqq. For load considerations, see Chapter 2. 
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TIMING REQUIREMENTS (Input tr = tf = 6.0 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

25°C to 
-55°C 

< 85°C 

< 125°C 

fsu 

Minimum Setup Time, Serial Data Input A to Shift Clock 

2.0 

50 

65 

75 

ns 


(Figure 5) 

4.5 

10 

13 

15 




6.0 

9.0 

11 

13 


^su 

Minimum Setup Time, Shift Clock to Latch Clock 

2.0 

75 

95 

110 

ns 


(Figure 6) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


th 

Minimum Hold Time, Shift Clock to Serial Data Input A 

2.0 

5.0 

5.0 

5.0 

ns 


(Figure 5) 

4.5 

5.0 

5.0 

5.0 




6.0 

5.0 

5.0 

5.0 


tree 

Minimum Recovery Time, Reset Inactive to Shift Clock 

2.0 

50 

65 

75 

ns 


(Figure 2) 

4.5 

10 

13 

15 




6.0 

9.0 

11 

13 


tw 

Minimum Pulse Width, Reset 

2.0 

60 

75 

90 

ns 


(Figure 2) 

4.5 

12 

15 

18 




6.0 

10 

13 

15 


tw 

Minimum Pulse Width, Shift Clock 

2.0 

50 

65 

75 

ns 


(Figure 1) 

4.5 

10 

13 

15 




6.0 

9.0 

11 

13 


tw 

Minimum Pulse Width, Latch Clock 

2.0 

50 

65 

75 

ns 


(Figure 6) 

4.5 

10 

13 

15 




6.0 

9.0 

11 

13 


tptf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



FUNCTION TABLE 



Operation 

Inputs 

Resulting Function 

Reset 

Serial 

Input 

A 

Shift 

Clock 

Latch 

Clock 

Output 

Enable 

Shift 

Register 

Contents 

Latch 

Register 

Contents 

Serial 

Output 

SQh 

Parallel 

Outputs 

Qa-Qh 

Reset shift register 

L 

X 

X 

L, H, 

L 

L 

U 

L 

U 

Shift data into shift 
register 

H 

D 

J- 

L, H, “V 

L 

D — > SR^j 
SRfsi -> SRn+1 

U 

SRq SRh 

u 

Shift register remains 
unchanged 

H 

X 

L,H,^ 

L,H, "V 

L 

U 

u 

u 

u 

Transfer shift register 
contents to latch register 

H 

X 

L, H,^ 

J~ 

L 

U 

SRn -> LRfsj 

u 

SRn 

Latch register remains 
unchanged 

X 

X 

X 

L, H,A_ 

L 


U 


u 

Enable parallel outputs 

X 

X 

X 

X 

L 

* 

** 

* 

Enabled 

Force outputs into high 
impedance state 

X 

X 

X 

X 

H 




Z 


SR = shift register contents D = data (L, H) logic level X = don’t care * = depends on Reset and Shift Clock inputs 

LR = latch register contents U = remains unchanged Z = high impedance ** = depends on Latch Clock input 
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PIN DESCRIPTIONS 


INPUTS 
A (Pin 14) 

Serial Data Input. The data on this pin is shifted into the 
8-bit serial shift register. 

CONTROL INPUTS 
Shift Clock (Pin 11) 

Shift Register Clock Input. A low- to-high transition on this 
input causes the data at the Serial Input pin to be shifted Into 
the 8-bit shift register. 

Reset (Pin 10) 

Active-low, Asynchronous, Shift Register Reset Input. A 
low on this pin resets the shift register portion of this device 
only. The 8-bit latch is not affected. 


Latch Clock (Pin 12) 

Storage Latch Clock Input. A low-to-high transition on this 
input latches the shift register data. 

Output Enable (Pin 13) 

Active-low Output Enable. A low on this input allows the 
data from the latches to be presented at the outputs. A high 
on this Input forces the outputs (Qa-Qh) 'f^to the high- 
impedance state. The serial output is not affected by this 
control unit. 

OUTPUTS 

QA - Oh (Pins 15, 1, 2, 3, 4, 5, 6, 7) 

Noninverted, 3-state, latch outputs. 

SQh (Pin 9) 

Noninverted, Serial Data Output. This is the output of the 
eighth stage of the 8-blt shift register. This output does not 
have three-state capability. 
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SWITCHING WAVEFORMS 




Figure 2. 


LATCH 

CLOCK 


\ /^~Z 


°A-Qh 50% 
OUTPUTS 10% 


-tPLH tpHL- 


■vcc 

-GND 


■ tTLH tTHL - 

Figure 3. 


50% T H 

10% / \ 

— r*— tjLH tTHL 






Figure 6. 


TEST CIRCUITS 


TEST POINT 


TEST POINT 



C 

j) 


C 

j) 


OUTPUT 



OUTPUT 

1 kQ 

DEVICE 



DEVICE 



UNDER 

TEST 

I 

I Cl* 

UNDER 

TEST 


-Cl* 


- 

“ 


- 

r 


CONNECT TO VccWHEN 
TESTING tpLzANDtpzL- 
CONNECT TO GND WHEN 
TESTING tpHZ and tpzH- 


* Includes all probe and jig capacitance 


* Includes all probe and jig capacitance 


Figure 7. 


Figure 8. 
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EXPANDED LOGIC DIAGRAM 




Qa 


Qb 


Qc 


Qd 
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SEMICONDUCTOR TECHNICAL DATA 


8-Bit Serial or Parallel-Input/ 
Serial-Output Shift Register 
with Input Latch 

High-Performance Silicon-Gate CMOS 

The MC54/74HC597 is identical in pinout to the LS597. The device inputs 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

This device consists of an 8-bit input latch which feeds parallel data to an 
8-bit shift register. Data can also be loaded serially (see Function Table). 
The HC597 is similar in function to the HC589, which is a 3-state device. 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 |iA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 516 FETs or 129 Equivalent Gates 


LOGIC DIAGRAM 


MC54/74HC597 



J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 



N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 



D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 


ORDERING INFORMATION 

MC54HCXXXJ Ceramic 
MC74HCXXXN Plastic 
MC74HCXXXD SOIC 
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10 
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SHIFT 

REGISTER 
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1 OUTPUT 


PIN16 = Vcc 

PIN8 = GND 


PIN ASSIGNMENT 

B[ 

1 • 

16 

] Vcc 

C[ 

2 

15 

]A 

D[ 

3 

14 

]Sa 

r r 



SERIAL SHIFT/ 
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13 

J PARALLEL LOAD 
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] LATCH CLOCK 
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6 

11 

] SHIFT CLOCK 
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7 

10 
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GND [ 

8 

9 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to - 1 - 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1.5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, V^c and GND Pins 

±50 

mA 

pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packagef 

500 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°c 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnOrVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


3 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out^ — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|Hor V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out! — 20 pA 

4.5 

4.4 

44 

44 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l llout^ ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llout^ ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H or V|l 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|HorV|L llout' ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llout^ ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vqq or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

V.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6 ns) 


Symbol 

Parameter 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

m 

fmax 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 


(Figures 2 and 8) 

4.5 

30 

24 

20 




6.0 

35 

28 

24 


tPLH. 

Maximum Propagation Delay, Latch Clock to Qh 

2.0 

210 

265 

315 

ns 

tPHL 

(Figures 1 and 8) 

4.5 

42 

53 

63 




6.0 

36 

45 

54 


tPLH. 

Maximum Propagation Delay, Shift Clock to Qh 

2.0 

175 

220 

265 


fPHL 

(Figures 2 and 8) 

4.5 

35 

44 

53 




6.0 

30 

37 

45 


tpHL 

Maximum Propagation Delay, Reset to Qh 

2.0 

175 

220 

265 

ns 


(Figures 3 and 8) 

4.5 

35 

44 

53 




6.0 

30 

37 

45 


tPLH. 

Maximum Propagation Delay, Serial Shift/Parallel Load to Qh 

2.0 

175 

220 

265 


tPHL 

(Figures 4 and 8) 

4.5 

35 

44 

53 




6.0 

30 

37 

45 



Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 


(Figures 1 and 8) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5 0 V 

CPD 

Power Dissipation Capacitance (Per Package)* 

50 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VQQ2f + Iqq Vqq. For load considerations, see Chapter 2. 


PIN DESCRIPTIONS 


DATA INPUTS 

A, B, C, D, E, F, G, H (Pins 15, 1, 2, 3, 4, 5, 6, 7) 

Parallel data inputs. Data on these inputs is stored in the 
input latch on the rising edge of the Latch Clock input. 

Sa (Pin 14) 

Serial data Input. Data on this input is shifted into the shift 
regis ter on the risi ng edge of the Shift Clock input it Serial 
Shift/Parall el Load is high . Data on this input is ignored when 
Serial Shift/Parallel Load is low. 

CONTROL INPUTS 


Serial Shift/Parallel Load (Pin 13) 

Shift register mode control. When a high level is applied to 
this pin, the shift register is allowed to serially shift data. 
When a low level is applied to this pin, the shift register 
accepts parallel data from the input latch, and serial shifting 
is inhibited. 


Reset (Pin 10) 

Asynchronous, Active-low shift register reset. A low level 
applied to this input resets the shift register to a low level, but 
does not change the data in the input latch. 

Shift Clock (Pin 11) 

Serial shift register clock. A low-to-high transition on this 
Input shifts data on the Serial Data Input into the shift register 
and data in stage H is shifted out Qh, being replaced by the 
data previously stored in stage G. 

Latch Clock (Pin 12) 

Latch clock. A low-to-high transition on this input loads 
the parallel data on inputs A-H into the input latch. 

OUTPUT 

Qh (Pin 9) 

Serial data output. This pin is the output from the last stage 
of the shift register. 
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TIMING REQUIREMENTS (Input tr = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

^su 

Minimum Setup Time, Parallel Data inputs A-H to Latch Clock 

2.0 

100 

125 

150 

ns 


(Figure 5) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


^su 

Minimum Setup Time, Serial Data Input Sa to Shift Clock 

2.0 

100 

125 

150 

ns 


(Figure 6) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


^su 

Minimum Setup Time, Serial Shift/Parallel Load to Shift Clock 

2.0 

100 

125 

150 

ns 


(Figure 7) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


th 

Minimum Hold Time, Latch Clock to Parallel Data Inputs A-H 

2.0 

25 

30 

40 

ns 


(Figure 5) 

4.5 

5 

6 

8 




6.0 

5 

6 

7 


th 

Minimum Hold Time, Shift Clock to Serial Data Input Sa 

2.0 

5 

5 

5 

ns 


(Figure 6) 

4.5 

5 

5 

5 




6.0 

5 

5 

5 


Vec 

Minimum Recovery Time, Reset Inactive to Shift Clock 

2.0 

100 

125 

150 

ns 


(Figure 3) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


tw 

Minimum Pulse Width, Latch Clock and Shift Clock 

2.0 

80 

100 

120 

ns 


(Figures 1 and 2) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tw 

Minimum Pulse Width, Reset 

2.0 

80 

100 

120 

ns 


(Figure 3) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tw 

Minimum Pulse Width, Serial Shift/Parallel Load 

2.0 

80 

100 

120 

ns 


(Figure 4) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tr.tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 



FUNCTION TABLE 


Operation 

Inputs 

Resulting Function 

Reset 

Serial Shift/ 
Parallel Load 

Latch 

Clock 

Shift 

Clock 

Serial 

Input 

Sa 

Parallel 

Inputs 

A-H 

Latch 

Contents 

Shift 

Register 

Contents 

Output 

qh 

Reset shift register 

L 

X 

L, H,'V 

X 

X 

X 

U 

L 

L 

Reset shift register; load 
parallel data into data latch 

L 

X 

-T 

X 

X 

a-h 

a-h 

L 

L 

Load parallel data into data 
latch 

H 

H 

-T 

L.H,-^ 

X 

a-h 

a-h 

U 

U 

Transfer latch contents to 
shift register 

H 

L 

L, H,A. 

X 

X 

X 

U 

LRfvj SRn 

LRh 

Contents of data latch and 
shift register are 
unchanged 

H 

H 

L, H, ^ 

L,H,-V 

X 

X 

U 

U 

u 

Load parallel data into data 
latch and shift register 

H 

L 

J- 

X 

X 

a-h 

a-h 

a-h 

h 

Shift serial data into shift 
register 

H 

H 

X 

J~ 

D 

X 


SRa = D; 

SRn ^ SRn + 1 

SRq -> SRh 

Load parallel data into data 
latch and shift serial data 
into shift register 

H 

H 

J~ 

J~ 

D 

a-h 

a-h 

SRa = D; 

SRn srn+i 

SRq SRh 


LR = latch register contents a-h = data at parallel data inputs A-H U = remains unchanged 

SR = shift register contents D = data (L, H) at serial data input Sa X = don’t care 

* = depends on latch clock input 
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SWITCHING WAVEFORMS 




Figure 1 . (Serial Shift/Parallel Load = L) Figure 2. (Serial Shift/Parallel Load = H) 





Figure 4. 


PARALLEL DATA ' 
A/H 




- VALID - 


50% 


LATCH CLOCK 


}C 


^^ 50 % 


Vcc 

GND 

Vcc 

GND 


SERIAL DATA ' 
INPUT Sa 


- VALID - 


3^^ 


SHIFT CLOCK 


X 




Vcc 

GND 

Vcc 

GND 


Figure 5. 


Figure 6. 


SERIAL SHIFT/ 
PARALLEL LOAD 

SHIFT CLOCK 




50% 


Vcc 

— GND 

Vcc 

— GND 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


4 : 


Figure 7. 


* Includes all probe and jig capacitance 

Figure 8. Test Circuit 
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EXPANDED LOGIC DIAGRAM 


SERIAL DATA 14 
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TIMING DIAGRAM 
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Product Preview 

8-Bit Serial or Parallel-Input/ 
Serial-Output Shift Register 
with Input Latch 

High-Performance Silicon-Gate CMOS 

The l\/IC54/74HC597A is identical in pinout to the LS597. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

This device consists of an 8-bit input latch which feeds parallel data to an 
8-bit shift register. Data can also be loaded serially (see Function Table). 

The HC597A is similar in function to the HC589A, which is a 3-state 
device. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 51 6 FETs or 1 29 Equivalent Gates 


LOGIC DIAGRAM 


SERIAL , 
DATA I Sa 
INPUT I 


PARALLEL 

DATA 

INPUTS 


A 

B 

C 

D 

E 

F 

G 

H 


LATCH CLOCK 


SHIFT CLOCK 

SERIAL SHIFT/ 
PARALLEL LOAD 

RESET 


14 


15 


1 


2 


3 


4 

INPUT 

5 

LATCH 

6 


7 


12 

> 


11 


13 


10 


SHIFT 

REGISTER 



SERIAL 

DATA 

OUTPUT 


PIN16 = Vcc 
PIN8 = GND 


MC54/74HC597A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 



N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 



D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 



1 


DT SUFFIX 

TSSOP PACKAGE 
CASE 948F-01 


ORDERING INFORMATION 

MC54HCXXXAJ Ceramic 

MC74HCXXXAN Plastic 

MC74HCXXXAD SOIC 

MC74HCXXXADT TSSOP 



PIN ASSIGNMENT 

B[ 

1 • 

16 

] vcc 

C[ 

2 

15 

]A 

D[ 

3 

14 

]Sa 

E[ 

4 

13 

1 SERIAL SHIFT/ 

J PARALLEL LOAD 

F[ 

5 

12 

] LATCH CLOCK 

G[ 

6 

11 

] SHIFT CLOCK 

H[ 

7 

10 

] RESET 

gndC 

8 

9 

]Qh 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-0.5 to Vqc + 0.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

-0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, V^q and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC or TSSOP Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
fDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (Vjp or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin- Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr-tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 3.0 V 

0 

600 




Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

llout^ ^ 20 pA 

3.0 

2.1 

2.1 

2.1 





4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

••out^ — 20 pA 

3.0 

0.9 

0.9 

0.9 





4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


VOH 

Minimum High-Level Output 

Vin = V|H orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 pA 

4.5 

4.4 

44 

44 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l Hout^ ^ 2.4 mA 

3.0 

2.48 

2.34 

2.20 




••out^ — 4.0 mA 

4.5 

3.98 

3.84 

3.70 




••out^ ~ 6.2 mA 

6.0 

5.48 

5.34 

5.20 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

v 

25°C 

< 85°C 

< 125°C 

Unit 

VOL 

Maximum Low-Level Output 

Vin = V|Hor V|l 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

I'outl — 20 jiA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l llouti ^ 2.4 mA 

3.0 

0.26 

0.33 

0.40 




llout^ — mA 

4.5 

0.26 

0.33 

0.40 




llout* ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


■in 

Maximum Input Leakage Current 

Vin = VcC or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

icc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

4 

40 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF. Input tr = tf = 6 ns) 





Guaranteed Limit 




Vcc 

-55 to 




Symbol 

Parameter 

V 

25°C 

< 85°C 

< 125°C 

Unit 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

10 

9 

8 

MHz 


(Figures 2 and 8) 

3.0 

15 

14 

12 




4.5 

30 

28 

25 




6.0 

50 

45 

40 


tPLH. 

Maximum Propagation Delay, Latch Clock to Qh 

2.0 

175 

225 

275 

ns 

tPHL 

(Figures 1 and 8) 

3.0 

100 

110 

125 




4.5 

40 

50 

60 




6.0 

30 

40 

50 


tPLH. 

Maximum Propagation Delay, Shift Clock to Qh 

2.0 

160 

200 

240 

ns 

tPHL 

(Figures 2 and 8) 

3.0 

90 

130 

160 




4.5 

30 

40 

48 




6.0 

25 

30 

40 


tPHL 

Maximum Propagation Delay, Reset to Qh 

2.0 

160 

200 

240 

ns 


(Figures 3 and 8) 

3.0 

90 

130 

160 




4.5 

30 

40 

48 




6.0 

25 

30 

40 


tPLH. 

Maximum Propagation Delay, Serial Shift/Parallel Load to Qh 

2.0 

160 

200 

240 

ns 

tPHL 

(Figures 4 and 8) 

3.0 

90 

130 

160 




4.5 

30 

40 

48 




6.0 

25 

30 

40 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 8) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 





Typical @ 25°C, Vcc = 5 0 V 

CPD 

Power Dissipation Capacitance (Per Package)* 

40 


* Used to determine the no-load dynamic power consumption: Pq = CpQ Vqc^^ + ^CC ^CC- considerations, see Chapter 2. 


High-Speed CMOS Logic Data 3-517 MOTOROLA 

DL129 — Rev6 






MC54/74HC597A 


PIN DESCRIPTIONS 


DATA INPUTS 

A, B, C, D, E, F, G, H (Pins 15, 1, 2, 3, 4, 5, 6, 7) 

Parallel data inputs. Data on these inputs is stored in the 
input latch on the rising edge of the Latch Clock input. 

Sa (Pin 14) 

Serial data input. Data on this input is shifted into the shift 
regis ter on the ris ing edge of the Shift Clock input it Serial 
Shift/Parall el Load is high . Data on this input Is ignored when 
Serial Shift/Parallel Load is low. 

CONTROL INPUTS 

Serial Shift/Parallel Load (Pin 13) 

Shift register mode control. When a high level is applied to 
this pin, the shift register Is allowed to serially shift data. 
When a low level is applied to this pin, the shift register 
accepts parallel data from the input latch, and serial shifting 
is inhibited. 


Reset (Pin 10) 

Asynchronous, Active-low shift register reset. A low level 
applied to this input resets the shift register to a low level, but 
does not change the data In the input latch. 

Shift Clock (Pin 11) 

Serial shift register clock. A low-to-high transition on this 
input shifts data on the Serial Data Input into the shift register 
and data in stage H is shifted out Qh, being replaced by the 
data previously stored in stage G. 

Latch Clock (Pin 12) 

Latch clock. A low-to-high transition on this input loads 
the parallel data on inputs A-H into the input latch. 

OUTPUT 
Qh (Pin 9) 

Serial data output. This pin is the output from the last stage 
of the shift register. 
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TIMING REQUIREMENTS (Input tr = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

^su 

Minimum Setup Time, Parallel Data inputs A-H to Latch Clock 

2.0 

70 

80 

90 



(Figure 5) 

3.0 

40 

45 

50 




4.5 

15 

19 

24 




6.0 

13 

16 

20 


*su 

Minimum Setup Time, Serial Data Input Sa to Shift Clock 

2.0 

■ ■ 

80 

90 

ns 


(Figure 6) 

3.0 

mm 

45 

50 




4.5 


19 

24 




6.0 

mm 

16 

20 


^su 

Minimum Setup Time, Serial Shift/Parallel Load to Shift Clock 

2.0 

70 

80 

90 

ns 


(Figure 7) 

3.0 

40 

45 

50 




4.5 

15 

19 

24 




6.0 

13 

16 

20 


th 

Minimum Hold Time, Latch Clock to Parallel Data Inputs A-H 

2.0 

15 





(Figure 5) 

3.0 

10 



9||^i 



4.5 







6.0 

HH 


^9 

91 

th 

Minimum Hold Time, Shift Clock to Serial Data Input Sa 

2.0 



|HRHH 



(Figure 6) 

3.0 




9||^h 



4.5 







6.0 


^9 

Hfl 

llil 


Minimum Recovery Time, Reset Inactive to Shift Clock 

2.0 

70 

80 

90 

ns 


(Figure 3) 

3.0 

40 

45 

50 




4.5 

15 

19 

24 




6.0 

13 

16 

20 


tw 

Minimum Pulse Width, Latch Clock and Shift Clock 

2.0 

60 

70 

80 



(Figures 1 and 2) 

3.0 

35 

40 

45 




4.5 

12 

15 

19 




6.0 

10 

13 

16 


tw 

Minimum Pulse Width, Reset 

2.0 

60 

70 

80 



(Figure 3) 

3.0 

35 

40 

45 




4.5 

12 

15 

19 




6.0 

10 

13 

16 


tw 

Minimum Pulse Width, Serial Shift/Parallel Load 

2.0 


■■ 

80 

ns 


(Figure 4) 

3.0 


mm 

45 




4.5 


15 

19 




6.0 


13 

16 


V. M 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

3.0 

800 

800 

800 




4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC54/74HC597A 


FUNCTION TABLE 


Operation 

Inputs 

Resulting Function 

Reset 

Serial Shift/ 
Parallel Load 

Latch 

Clock 

Shift 

Clock 

Serial 

Input 

Sa 

Parallel 

Inputs 

A-H 

Latch 

Contents 

Shift 

Register 

Contents 

Output 

Qh 

Reset shift register 

L 

X 

L, H,-V 

X 

X 

X 

U 

L 

L 

Reset shift register; load 
parallel data into data latch 

L 

X 

J- 

X 

X 

a-h 

a-h 

L 

L 

Load parallel data into data 
latch 

H 

H 

J- 

UH, A_ 

X 

a-h 

a-h 

U 

U 

Transfer latch contents to 
shift register 

H 

L 

L, H,-V 

X 

X 

X 

U 

LRn -> SRfsj 

LRh 

Contents of data latch and 
shift register are 
unchanged 

H 

H 

L, H, A. 

L.H.'V 

X 

X 

U 

U 

U 

Load parallel data into data 
latch and shift register 

H 

L 

J~ 

X 

X 

a-h 

a-h 

a-h 

h 

Shift serial data into shift 
register 

H 

H 

X 

J- 

D 

X 


SRa == D; 

SRn ->SRn + i 

sRq SRh 

Load parallel data into data 
latch and shift serial data 
into shift register 

H 

H 

J- 

J- 

D 

a-h 

a-h 

SRa = D; 

SRn -> SRn + 1 

SRq ^ SRh 


LR = latch register contents a-h = data at parallel data inputs A-H U = remains unchanged 

SR = shift register contents D = data (L, H) at serial data input X = don’t care 

* = depends on latch clock input 
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SWITCHING WAVEFORMS 




Figure 1. (Serial Shift/Parallel Load = L) Figure 2. (Serial Shift/Parallel Load = H) 



Figure 3. 




Figure 4. 


PARALLEL DATA 
A/H 


LATCH CLOCK 



VALID 



vcc 

GND 




SERIAL DATA ' 
INPUT Sa 


■ VALID - 




X 


SHIFT CLOCK 


^^ 50 % 


-Vcc 

-GND 

-Vcc 

-GND 


Figure 5. 


Figure 6. 


SERIAL SHIFT/ 
PARALLEL LOAD 

SHIFT CLOCK 



Vcc 

— GND 

Vcc 

— GND 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


4 : 


Figure 7. 


* Includes all probe and jig capacitance 

Figure 8. Test Circuit 
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MC54/74HC597A 


EXPANDED LOGIC DIAGRAM 



SERIAL DATA 14 
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MC54/74HC597A 


TIMING DIAGRAM 


SHIFT CLOCK 

SERIAL DATA 
INPUT Sa 


n 


RESET 

SERIAL SHIFT 
PARALLEL LOAD 

LATCH CLOCK 


PARALLEL 

DATA 

INPUTS 


a 


14 


IT 


R 


A 

”1 

1 

I r 

I I 

“I 

1 H 

1 1 ' 

1 |l 

1 

1 L 

1 1 

1 1 

1 

1 


1 ' 


B 

1 1 

1 1 

1 1 

1 

1 

1 L 

1 

' ' 

' ' 

1 1 

1 

1 

j L 

1 1 

1 1 

1 1 

1 

1 

1 

!l L 



C 

1 

_J 

1 

I r 

I I 

1 

H 

' ' 

1 '! 

1 

1 L 

1 1 

1 1 

1 1 

1 

1 

1 

'! L 

II 


D 

1 

I 

I 

1 

1 

1 L 

' ' 

1 I 

1 

1 

! L 

1 1 

1 I 

1 1 

1 

1 

1 

|l L 

ll 

!| 



1 

I 

I I 

1 

1 

1 |l 

1 1 1 

1 

1 

1 1 

1 1 

1 

11 

ii 

1 1 


E 

1 

1 

I I 

1 H 

1 ll 

1 L 

1 1 

1 1 

1 r 

1 i ^ 

i‘ 

ii 



1 

I I 

1 

1 H 

1 

1 

1 1 

1 

ll 

ll 


F 

“1 

1 

I I 

1 ^ 

1 |l 

1 ll 

1 

1 L 

1 1 

1 1 

1 r 

1 1 H 

|l 

ll 


G 

1 1 

T 1 

1 L_ 

1 

1 L 

1 ii 

1 II 

1 1 1 

1 

1 

1 L 

1 1 

1 1 

1 1 

1 1 

1 

1 

1 

1 1 

ll 

! 1 L 

ii 

ii 

1 1 



_J 

I r 

1 

1 1 1 

1 |i 

1 

1 1 

1 ( 

1 

1 

1 1 
|l 

1 1 
|l 


, H 

1 

1 

_J 

I 

1 

1 II 

1 ll 

1 ^ 

1 

1 1 

1 1 

1 

1 

1 

|l H 

ll 

1 1 

ll 


Qh 

1 


1 L 

jjRlJT 

H |l|hI|l|h|l|| 

h] L L 

_iiJ H 

Rjj 

H H 


I 

I 1 1 

j ' SERIAL 

^l i< 

/^r-r^iAi Ilf— T» 1 


SERIAL 


1 SERIAL 


I 

SHIFT 

SHIFT 


SERIAL SHIFT 1 

A 

n r 

A 

SHIFT 


I"* SHIFT 


REGISTER 

I 

t 

t 

t 


f 




R 


LOAD LATCH PARALLEL LOAD 
SHIFT REGISTER 


LOAD LATCH PARALLEL LOAD 
SHIFT REGISTER 


PARALLEL LOAD LATCH 
AND SHIFT REGISTER 
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Octal 3-State Inverting 
Bus Transceiver 

High-Performance Silicon-Gate CMOS 

The MC54/74HC640A is identical in pinout to the LS640. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

The HC640A is a S-state transceiver that is used for 2-way asynchronous 
communication between data buses. The device has an active-low Output 
Enable pin, which is used to place the I/O ports into high-impedance states. 
The Direction control determines whether data flows from A to B or from B 
to A. 

• Output Drive Capability: 15 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 276 FETs or 69 Equivalent Gates 


MC54/74HC640A 



J SUFFIX 

CERAMIC PACKAGE 

20“ ^11 II I"" 

1 

CASE 732-03 

1 

N SUFFIX 

PLASTIC PACKAGE 
CASE 738-03 

20^^ 

DW SUFFIX 

SOIC PACKAGE 

1 

CASE 751 D-04 

ORDERING INFORMATION 

MC54HCXXXAJ 

Ceramic 

MC74HCXXXAN 

Plastic 

MC74HCXXXADW SOIC 



LOGIC DIAGRAM 


A 

DATA 

PORT 


A1- 

A2- 


A3- 

A4- 


A5- 

A6- 


A7- 

A8- 


DIRECTION 
OUTPUT ENABLE 


19 


18 . 


17 


16 


15 


14 


13 


12 


-B8 


B 

DATA 

PORT 


PIN10 = GND 
PIN 20 = Vcc 


PIN ASSIGNMENT 


DIRECTION [ 

1« 

20 

A1 [ 

2 

19 

’ A2[ 

3 

18 

A3 [ 

4 

17 

A4 [ 

5 

16 

A5[ 

6 

15 

A6 [ 

7 

14 

A7[ 

8 

13 

A8C 

9 

12 

GND[ 

10 

11 


Vcc 

OUTPUT 

ENABLE 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 


FUNCTION TABLE 


Control Inputs 

Operation 

Output 

Enable 

Direction 

L 

L 

Data Transmitted from Bus B 
to Bus A (Inverted) 

L 

H 

Data Transmitted from Bus A 
to Bus B (Inverted) 

H 

X 

Buses Isolated 
(High-Impedance State) 


X = don’t care 
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MC54/74HC640A 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND), Pin 1 or 19 

-1.5 to Vqq + 1.5 

V 

V|/0 

DC I/O Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•l/O 

DC I/O Current, per Pin 

±35 

mA 

■cc 

DC Supply Current, Vqq and GND Pins 

±75 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DIPT 

750 

mW 


SOIC Packaget 

500 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp, and 
Vout should be constrained to the 
range GND < (VjnOrVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 
I/O pins must be connected to a 
properly terminated line or bus. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

V. tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 







Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out! — 20 |iA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|Hor V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|HorV|L llout^^ 6.0 mA 

4.5 

3.98 

3.84 

3.70 




llout^ ^ 7.8 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|HorV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out! — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = ViH or V|l llout^ ^ 6.0 mA 

4.5 

0.26 

0.33 

0.40 




llouti ^ 7.8 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vqq or GND, Pin 1 or 19 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•oz 

Maximum Three-State Leakage 

Output in High-Impedance State 

6.0 

±0.5 

±5.0 

±10 

pA 


Current 

Vin = V|LorV|H 

Vout = Vqq or GND 






•cc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 

4 

40 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 


High-Speed CMOS Logic Data 
DL129 — Rev6 


3-525 


MOTOROLA 







MC54/74HC640A 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input If = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, A to B, B to A 

2.0 

75 

95 

110 

ns 

tPHL 

(Figures 1 and 3) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


tPLZ. 

Maximum Propagation Delay, Direction or Output Enable to A or B 

2.0 

110 

140 

165 

ns 

tPHZ 

(Figures 2 and 4) 

4.5 

22 

28 

33 




6.0 

19 

24 

28 


tpZL. 

Maximum Propagation Delay, Output Enable to A or B 

2.0 

110 

140 

165 

ns 

tPZH 

(Figures 2 and 4) 

4.5 

22 

28 

33 




6.0 

19 

24 

25 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures 1 and 3) 

4.5 

12 

15 

18 




6.0 

10 

13 

15 


Cin 

Maximum Input Capacitance, Pin 1 or 19 

- 

10 

10 

10 

pF 

^out 

Maximum Three-State I/O Capacitance 

— 

15 

15 

15 

pF 


(Output in High-Impedance State) 







NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Transceiver Channel)* 

40 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VQc^f + Ipc VcC- considerations, see Chapter 2. 
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tTEST CIRCUITS 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T" 


-± 


DEVICE 

UNDER 

TEST 


TEST POINT 

9 


OUTPUT 


1 kQ 

■AAA/ 



CONNECT TO Vcc WHEN 
TESTING tpLZ and tpzL 
CONNECT TO GND WHEN 
TESTING tpHzANDtpzH- 


* Includes all probe and jig capacitance 


* Includes all probe and jig capacitance 


Figure 3. 


Figure 4. 


EXPANDED LOGIC DIAGRAM 
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Octal 3-State Bus Transceivers 
and D Flip-Flops 

High-Performance Silicon-Gate CMOS 

The MC54/74HC646 is identical in pinout to the LS646. The device inputs 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

These devices are bus transceivers with D flip-flops. Depending on the 
status of the Data-Source Selection pins, data may be routed to the outputs 
either from the flip-flops or transmitted real-time from the inputs (see 
Function Table and Application Information). 

The Output Enable and the Direction pins control the transceiver’s 
function. Bus A and Bus B cannot be routed as outputs to each other 
simultaneously, but can be routed as inputs to the A and B flip-flops. Also, 
the A and B flip-flops can be routed as outputs to Bus A and Bus B. 
Additionally, when either or both of the ports are in the high-impedance 
state, these I/O pins may be used as inputs to the D flip-flops for data 
storage. 

The user should note that because the clocks are not gated with the 
Direction and Output Enable pins, data at the A and B ports may be clocked 
into the storage flip-flops at any time. 

• Output Drive Capability: 1 5 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 \iA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7 A 

• Chip Complexity: 780 FETs or 195 Equivalent Gates 


LOGIC DIAGRAM 


FLIP-FLOP 

CLOCKS 


A 

DATA 

PORT 


AO- 

A1- 

A2- 

A3- 

A4- 

A5- 

A6- 

A7- 


OUTPUT ENABLE 
DIRECTION 

( A-TO-B CLOCK 
B-TO-A CLOCK 


DATA SOURCE 
SELECTION 
INPUTS 


( A-TO-B SOURCE 
B-TO-A SOURCE 


22 



20 _ 

ii 

ii 

ii 

il 

ii 

13 


BO 

B1 

B2 

B3 

B4 

B5 

B6 

B7 


PIN24 = Vcc 
PIN12 = GND 


B 

DATA 

PORT 


MC54/74HC646 



' 

J SUFFIX 

CERAMIC PACKAGE 

CASE 758-02 


N SUFFIX 

^SSSwypl 1 ® ® 

PLASTIC PACKAGE 

1 

CASE 724-03 

24 ^^^ 

1 

DW SUFFIX 

SOIC PACKAGE 
CASE 751 E-04 

ORDERING INFORMATION 

MC54HCXXXJ 

Ceramic 

MC74HCXXXN 

Plastic 

MC74HCXXXDW SOIC 
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MC54/74HC646 


MAXIMUM RATINGS* 


1 Symbol 

Parameter 

Value 

Unit 


DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vcc + 1 -5 


V|/0 

DC I/O Voltage (Referenced to GND) 



•in 

DC Input Current, per Pin 

±20 


•l/O 

DC I/O Current, per Pin 

±35 


•cc 

DC Supply Current, Vcc and GND Pins 

±75 


Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

ifflM 


SOIC Packaget 

500 

mi 

"^stg 

Storage Temperature 

-65 to + 150 

o 

Tl 

Lead Temperature, 1 mm from Case for 1 0 Seconds 


°c 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: -10 mW/°C from 65° to 125°C 

Ceramic DIP: -10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjr, and 
Vout should be constrained to the 
range GND < (Vjp or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc). 
Unused outputs must be left open. 
I/O pins must be connected to a 
properly terminated line or bus. 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

- 55 to 




Symbol 

Parameter 

Test Conditions 

V 

25° C 

< 85°C 

< 125°C 

Unit 


Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 







Voltage 

••out^ — 20 pA 















Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|HorV|L 







Voltage 

••out! — 20 pA 









6.0 







Vin = V|H or V|l Hout^ ^ 6.0 mA 


3.98 






Mout^ — rnA 


5.48 




VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out! — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l Hout^ ^ 6.0 mA 

4.5 

0.26 

0.33 

0.40 




llout^ ^ 7.8 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

(Pins 1 , 2, 3, 21 , 22, and 23) 

6.0 

±0.1 

±1.0 

±1.0 

pA 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

o 

o> 

> 

-55 to 
25°C 

< 85°C 

< 125°C 

Unit 

•oz 

Maximum Three-State Leakage 
Current 

Output in High-Impedance State 
Vin = V|LorV|H 

Vout = Vcc O'* GND, I/O Pins 

6.0 

±0.5 

±5.0 

±10 

pA 

'cc 

Maximum Quiescent Supply 
Current (per Package) 

Vin = VcC or GND 
•out = 0 fiA 

6.0 

8 

80 

160 

pA 


NOTE; Information on typical parametric values can be found in Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF. Input ^ = tf = 6 ns) 





Guaranteed Limit 




Vcc 

-55 to 




Symbol 

Parameter 

V 

25° C 

< 85°C 

< 125°C 

Unit 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 


(Figures 3, 4 and 9) 

4.5 

30 

24 

20 




6.0 

35 

28 

24 


tPLH. 

Maximum Propagation Delay, Input A to Output B 

2.0 

170 

215 

255 

ns 

tPHL 

(or Input B to Output A) 

4.5 

34 

43 

51 



(Figures 1 , 2 and 9) 

6.0 

29 

37 

43 



Maximum Propagation Delay, A-to-B Clock to Output B 

2.0 

220 

275 




(or B-to-A Clock to Output A) 

4.5 

44 

55 



■ig 

(Figures 3, 4 and 9) 

6.0 

37 

47 




Maximum Propagation Delay, A-to-B Source to Output B 

2.0 

170 

215 




(or B-to-A Source to Output A) 

4.5 

34 

43 



■■■ 

(Figures 5, 6 and 9) 

6.0 

29 

37 



tPLZ. 

Maximum Propagation Delay, Output Enable to Output A or B 


175 

220 



tPHZ 

(Figures 7, 8 and 10) 



44 







37 



¥zl. 

Maximum Propagation Delay, Direction or Output Enable to 

2.0 

175 

220 



tpZH 

Output A or B 

4.5 

35 

44 




(Figures 7, 8 and 10) 

6.0 

30 

37 



tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures 1 and 9) 

4.5 

12 

15 

18 




6.0 

10 

13 

15 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 

Cout 

Maximum Three-State Output Capacitance 
(Output in High-Impedance State) 

■ 


15 




NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 





Typical @ 25°C, Vcc = 5-0 V 

CpD 

Power Dissipation Capacitance (Per Channel)* 

60 


* Used to determine the no-load dynamic power consumption: Pq = Cpp VQQ^f + |qq Vq 0. For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Input V = tf = 6 ns) 


Symbol 

Parameter 





< 85°C 


^su 

Minimum Setup Time, Input A to A-to-B Clock 

2.0 


125 




(or Input B to B-to-A Clock) 

4.5 


25 




(Figures 3 and 4) 

6.0 


21 



th 

Minimum Hold Time, A-to-B Clock to Input A 

2.0 

5 



ns 


(or B-to-A Clock to Input B) 

4.5 

5 





(Figures 3 and 4) 

6.0 

5 





Minimum Pulse Width, A-to-B Clock (or B-to-A Clock) 

2.0 

80 

100 




(Figures 3 and 4) 

4.5 

16 

20 





6.0 

14 

17 



tr.tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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FUNCTION TABLE — HC646 










Storage Flip- 




Control Inputs 



Data Port Status 

Flop States 


Output 

Direc- 

A-to-B 

B-to-A 

A-to-B 

B-to-A 






Enable 

tion 

Clock 

Clock 

Source 

Source 

A 

B 

Qa 

Qb 

Description of Operation 

H 

X 





Input: 

Input: 



The output functions of the A and B 



H, L,^ 

H, L,-V 

X 

X 

X 

X 

no change 

no change 

ports are disabled 







L 

X 

L 

X 

The ports may be used as inputs to 







H 

X 

H 

X 

the storage flip-flops. Data at the in- 



J~ 

J~ 

X 

X 

X 

L 

X 

L 

puts are clocked into the flip-flops 







X 

H 

X 

H 

with the rising edge of the Clocks. 

L . 

H 





Input: 

Output: 



The output mode of the B data port is 
enabled and behaves according to 
the following logic equation: 

B = [A • (A-to-B Source)] 











+ [Qa • (A-to-B Source)] 



H. L,A. 

X* 

L 

X 

L 

L 

no change 

no change 

1.) When A-to-B Source is low, the 







H 

H 

no change 

no change 

data at the A data port are dis- 
played at the B data port. The 
states of the storage flip-flops are 
not affected. 





H 

X 

X 

Qa 

no change 

no change 

2.) When A-to-B Source is high, the 











states of the A storage flip-flops are 
displayed at the B data port. 



J- 

X* 

L 

X 

L 

L 

L 

no change 

3.) When A-to-B Source is low, the 







H 

H 

H 

no change 

data at the A data port are clocked 
into the A storage flip-flops by a ris- 
ing-edge signal on the A-to-B 

Clock. 





H 

X 

L 

Qa 

L 

no change 

4.) When A-to-B Source is high, the 







H 

Qa 

H 

no change 

data at the A data port are clocked 
into the A storage flip-flops by a ris- 
ing-edge signal on the A-to-B 

Clock. The states, of the stor- 

age flip-flops propagate directly to 
the B data port. 

L 

L 





Output: 

Input: 



The output mode of the A data port is 
enabled and behaves according to 
the following logic equation: 

A = [B • (B-to-A Source)] 











-f- [Qb • (B-to-A Source)] 



X* 

H, UA. 

X 

L 

L 

L 

no change > 

no change 

1 .) When B-to-A Source is low, the 







H 

H 

no change 

no change 

data at the B data port are dis- 
played at the A data port. The 
states of the storage flip-flops are 
not affected. 





X 

H 

Qb 

X 

no change 

no change 

2.) When B-to-A Source is high, the 











states of the B storage flip-flops are 
displayed at the A data port. 



X* 

J- 

X 

L 

L 

L 

no change 

L 

3.) When B-to-A Source is low, the 







H 

H 

no change 

H 

data at the B data port are clocked 
into the B storage flip-flops by a ris- 
ing-edge signal on the B-to-A 

Clock. 





X 

H 

Qb 

L 

no change 

L 

4.) When B-to-A Source is high, the 







Qb 

H 

no change 

H 

data at the B data port are clocked 
into the B storage flip-flops by a ris- 
ing-edge signal on the B-to-A 

Clock. The states, Qb, of the stor- 
age flip-flops propagate directly to 
the A data port. 


* The clocks are not internally gated with either the Output Enables or the Source inputs. Therefore, data at the A and B ports may be clocked into 
the storage flip-flops at any time. 
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TYPICAL APPLICATIONS 




f (3) 

(21) 

(1) 

(23) 

(2) 

(22) 

’ (3) 

(21) 

(1) 

(23) 

(2) 

(22) 

CONTROL 







CONTROL 






PINS 

{direction 

OUTPUT 

A-TO-B 

B-TO-A 

A-TO-B 

B-TO-A 

pij^g - DIRECTION 

OUTPUT 

A-TO-B 

B-TO-A 

A-TO-B 

B-TO-A 


I 

ENABLE 

CLOCK 

CLOCK 

SOURCE 

SOURCE 


ENABLE 

CLOCK 

CLOCK 

SOURCE 

SOURCE 


X H ^ ^ X X H LXXLX 


Data Storage From A and/or B Bus Real-Time Transfer From Bus A to Bus B 





(3) 

(21) 

(1) 

(23) 

(2) 

(22) 

CONTROL 

1 DIRECTION 

OUTPUT 

A-TO-B 

B-TO-A 

A-TO-B B-TO-A 

PINS 

1 

ENABLE 

CLOCK 

CLOCK 

SOURCE SOURCE 


i L 

L 

X 

X 

X 

L 


Real-Time Transfer From Bus B to Bus A 


High-Speed CMOS Logic Data 
DL129 — Rev6 


3-533 


MOTOROLA 

















MC54/74HC646 


TIMING DIAGRAMS AND SWITCHING DIAGRAMS — HC646 


OUTPUT ENABLE 

DIRECTION 


A-TO-B SOURCE 


Vcc 

GND 

Vcc 

GND 

Vcc 

GND 





OUTPUT ENABLE 


DIRECTION 


Vcc 

GND 

Vcc 

GND 


Vcc 

B-TO-A SOURCE pmh 



NOTE: 


Em 


= Don’t Care State 
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OUTPUT ENABLE 


vcc 

GND 


DIRECTION 


Vcc 

GND 



INTERNAL Qa 

(FLIP-FLOP A) / 

/ 


internal qb /vvvvyvvyyvy\ 
(FLIP-FLOP B) xAAAAAAAAAAA/ 

(XXXXXXXXXXXXXXXXXXXXXXX 

A-TO-B \ 

SOURCE 

A ^ 

f. \ 

^ 7 

f- \ 





B-TO-Av/YW’ 
SOURCE ^ AAA. 

AXX: 


Yxxl 

AXX* 

(XXXXXXXXXXXXXA 







A DATA PORT 

tr^i 1 1 ^ 


\ 

* — irhlQ 

B DATA PORT 7^50% 

P tpLH — ► 


— tPHL 

\ 


© © 


Vcc 

GND 

Vcc 

GND 

Vcc 

GND 

Vcc 

GND 

Vcc 

GND 


NOTES: 

1 . B Data Port (output) changes from the level of the storage flip-flop, Qa, to the level of A Data Port (input). 

2. B Data Port (output) changes from the level of the A Data Port (input) to the level of the storage flip-flop, Qa. 

3. The A storage flip-flop, A-to-B Source, and A Data Port (input) have simultaneously changed states. 


Figure 5. A Data Port = Input, B Data Port = Output 
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OUTPUT ENABLE 


— Vcc 

— GND 


DIRECTION 


— Vcc 

GND 


,SSy^ (XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX :! 



1 . A Data Port (output) changes from the level of the storage flip-flop, Qb, to the level of B Data Port (input). 

2. A Data Port (output) changes from the level of the B Data Port (input) to the level of the storage flip-flop, Qb. 

3. The B storage flip-flop, B-to-A Source, and B Data Port (input) have simultaneously changed states for the purpose of this 
example. A Data Port (output) is now displaying the voltage level of B Data Port (input). 



Figure 6. A Data Port = Output, B Data Port = Input 


PIN DESCRIPTIONS 


INPUTS/OUTPUTS 

A0-A7 (Pins 4-11) and B0-B7 (Pins 20-13) 

A and B data ports. These pins may function either as in- 
puts to or outputs from the transceivers. 

CONTROL INPUTS 
Output Enable (Pin 21) 

Active-low output enable. When this pin is low, the outputs 
are enabled and function normally. When this pin is high, the 
A and B data ports are in high-impedance states. See the 
Function Table. 

Direction (Pin 3) 

Data direction control. When the Output Enable pin is low, 
this control pin determines the direction of data flow. When 


Direction is high, the A data ports are inputs and the B data 
ports are outputs. When Direction is low, the A data ports are 
outputs and the B data ports are inputs. 

A-to-B Clock, B-to-A Clock (Pins 1, 23) 

Clocks for the internal D flip-flops. With a low-to-high 
transition on the appropriate Clock pin, data on the A (or B) 
inputs are clocked into the internal A (or B) flip-flops. These 
clocks are not internally gated with the Output Enable or the 
Direction pins, therefore data at the A and B pins may be 
clocked into the storage flip-flops at any time. 

A-to-B Source, B-to-A Source (Pins 2, 22) 

Data-source selection pins. Depending upon the states of 
these pins (see the Function Table), data at the outputs may 
come either from the inputs or from the D flip-flops. 
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MOTOROLA 


OUTPUT ENABLE 



vcc 

GND 

Vcc 

GND 

VOH 

HIGH IMPEDANCE 


HIGH IMPEDANCE 

VOL 

VOH 

HIGH IMPEDANCE 
HIGH IMPEDANCE 
VOL 


DATA PORT A = INPUT DATA PORT A = OUTPUT 

DATA PORT B = OUTPUT DATA PORT B = INPUT 


Figure 7. 



Vcc 

GND 

HIGH 

IMPEDANCE 

VOL 

VOH 

HIGH 

IMPEDANCE 


Figure 8. 


TEST POINT 



< 

5 



OUTPUT 



DEVICE 



DEVICE 

UNDER 



UNDER 

TEST 

] 

ZCl* 

TEST 


J 

- 



TEST POINT 

9 


OUTPUT 


1 kQ 




Cl* 


CONNECT TO Vcc WHEN 
TESTING tpLZ AND tpzL- 
CONNECT TO GND WHEN 
TESTING tpHZ AND tpzH- 


Includes all probe and jig capacitance 


* Includes all probe and jig capacitance 


Figure 9. Test Circuit 


Figure 10. Test Circuit 
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8-Bit Equality Comparator 

High-Performance Silicon-Gate CMOS 

The MC54/74HC688 is identical in pinout to the LS688. The device inputs 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

The HC688 compares two 8-bit binary or BCD words and indicates 
whether or not they are equal. By using the Cascade Input, two or more of 
the devices may be cascaded to compare words of more than 8 bits. 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 1 1 6 FETs or 29 Equivalent Gates 


LOGIC DIAGRAM 


MC54/74HC688 



1 


20 ^^ 

1 


J SUFFIX 

CERAMIC PACKAGE 
CASE 732-03 


N SUFFIX 

PLASTIC PACKAGE 
CASE 738-03 


DW SUFFIX 

SOIC PACKAGE 
CASE 751 D-04 


ORDERING INFORMATION 

MC54HCXXXJ Ceramic 

MC74HCXXXN Plastic 

MC74HCXXXDW SOIC 




A = B 
OUTPUT 


PIN ASSIGNMENT 

CASCADE r 
INPUT 

1« 

20 

] vcc 

AO [ 

2 

19 

] A = B 

B0[ 

3 

18 

] 

A1 [ 

4 

17 

] A7 

B1 [ 

5 

16 

] B6 

A2[ 

6 

15 

] A6 

B2[ 

7 

14 

] B5 

A3[ 

8 

13 

] A5 

B3[ 

9 

12 

] B4 

GND[ 

10 

11 

] 






FUNCTION TABLE 


Inputs 

Output 

Data 

Vi/ords 

Cascade 

A= B 

A = B 

L 

L 

A> B 

L 

H 

A< B 

L 

H 

X 

H 

H 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to V 0 Q + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqc ^nd GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DIPt 

750 

mW 


SOIC Packaget 

500 


"•stg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tp tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 2) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out! — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out! — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|HorViL 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = VlH or V|l Hout^ ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llout^ ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|HorV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l Hout* ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




Hout^ ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vqq or GND 

6.0 

± 0.1 

± 1.0 

± 1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 





Guaranteed Limit 




Vcc 

-55 to 




Symbol 

Parameter 

V 

25°C 

< 85°C 

< 125°C 

Unit 

tPLH. 

Maximum Propagation Delay, Input A or B to Output A = B 

2.0 

210 

265 

315 

ns 

tPHL 

(Figures 1 and 3) 

4.5 

42 

53 

63 




6.0 

36 

45 

54 


tPLH. 

Maximum Propagation Delay, Cascade Input to Output A = B 

2.0 

120 

150 

180 

ns 

tPHL 

(Figures 2 and 3) 

4.5 

24 

30 

36 




6.0 

20 

26 

31 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 2 and 3) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Qn 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES; 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vqq = 5.0 V 

CPD 

Power Dissipation Capacitance (Per Package)* 

30 


* Used to determine the no-load dynamic power consumption: Pq = Cpp VQQ^f + Iqq Vqq. For load considerations, see Chapter 2. 


SWITCHING WAVEFORMS 



Figure 1. 


Figure 2. 


TEST CIRCUITS 

TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


4 : 


* Includes all probe and jig capacitance 

Figure 3. 
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TYPICAL APPLICATION 


Two or more HC688 8-bit Equality Comparators may be cascaded to compare binary or BCD numbers having more than 
8 bits. One method of accomplishing this is shown here. 



EXPANDED LOGIC DIAGRAM 




High-Speed CMOS Logic Data 
DL129 — Rev6 


3-543 


MOTOROLA 









MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


Dual 4-Input NOR Gate 

High-Performance Silicon-Gate CMOS 

The MC74HC4002 is identical in pinout to the MC14002B and 
MC14002UB. The device inputs are compatible with standard CMOS 
outputs; with pullup resistors, they are compatible with LSTTL outputs. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 28 FETs or 7 Equivalent Gates 


LOGIC DIAGRAM 



PIN7 = GND 

PINS 6, 8 = NO CONNECTION 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqq + 1,5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqc and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
fDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit, For proper operation, Vj^ and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

O 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out! — 20 |iA 

4.5 

3.15 

3.15 

3.15 





60 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|H or V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out! — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l llout^ ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llout^ ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H or V|l 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out! — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or Vil llout^ ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




••out^ — 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vqq or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 

2 

20 

40 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 


Symbol 

Parameter 







tPLH. 

Maximum Propagation Delay, Any Input to Output Y 

2.0 

120 

150 

180 

ns 

tPHL 

(Figures 1 and 2) 

4.5 

24 

30 

36 




6.0 

20 

26 

31 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 





tTHL 

(Figures 1 and 2) 

4.5 







60 





Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 , For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Gate)* 

26 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VQQ^f + Iqq Vqq. For load considerations, see Chapter 2. 




TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


4 : 


* Includes all probe and jig capacitance 


Figure 1. 


Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 
(1/2 of the Device) 
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SEMICONDUCTOR TECHNICAL DATA 


Quad Analog Switch/ 
Multiplexer/Demultiplexer 

High-Performance Silicon-Gate CMOS 

The MC54/74HC4016 utilizes silicon-gate CMOS technology to achieve 
fast propagation delays, low ON resistances, and low OFF-channel leakage 
current. This bilateral switch/multiplexer/demultiplexer controls analog and 
digital voltages that may vary across the full power-supply range (from Vcc 
to GND). 

The HC4016 is identical in pinout to the metal-gate CMOS MC14016 and 
MC 14066. Each device has four independent switches. The device has 
been designed so that the ON resistances (Rqn) much more linear over 
input voltage than Rqn of metal-gate CMOS analog switches. 

This device is identical in both function and pinout to the HC4066. The 
ON/OFF Control inputs are compatible with standard CMOS outputs; with 
pullup resistors, they are compatible with LSTTL outputs. For analog 
switches with voltage-level translators, see the HC4316. For analog 
switches with lower Rqn characteristics, use the HC4066. 

• Fast Switching and Propagation Speeds 

• High ON/OFF Output Voltage Ratio 

• Low Crosstalk Between Switches 

• Diode Protection on All Inputs/Outputs 

• Wide Power-Supply Voltage Range (Vqc “ GND) = 2.0 to 12.0 Volts 

• Analog Input Voltage Range (Vqc - GND) = 2.0 to 12.0 Volts 

• Improved Linearity and Lower ON Resistance over Input Voltage than 
the MCI 401 6 or MC14066 

• Low Noise 

• Chip Complexity: 32 FETs or 8 Equivalent Gates 


LOGIC DIAGRAM 


Xa 

A ON/OFF CONTROL 

xb 

BON/OFF CONTROL 
XC 

CON/OFF CONTROL 

Xd 

DON/OFF CONTROL 



■va 


■Vb 


■YC 


■Yd 


ANALOG INPUTS/OUTPUTS = Xa, Xq, Xq, Xq 
PIN 14 = Vcc 
PIN 7 = GND 


ANALOG 

OUTPUTS/INPUTS 


MC54/74HC4016 



14^ 


J SUFFIX 

CERAMIC PACKAGE 
CASE 632-08 


N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 


D SUFFIX 

SOIC PACKAGE 
CASE 751 A-03 


ORDERING INFORMATION 

MC54HCXXXXJ Ceramic 
MC74HCXXXXN Plastic 
MC74HCXXXXD SOIC 


PIN ASSIGNMENT 

Xa[ 

1 • 

14 

^ Vcc 

Ya[ 

2 

13 

n A ON/OFF 

J CONTROL 

YbC 

3 

12 

] D ON/OFF 



CONTROL 

Xb[ 

4 

11 

]Xd 

B ON/OFF r 
CONTROL L 

5 

10 

3 Yd 

C ON/OFF [ 
CONTROL 

6 

9 

]Yc 

GND[ 

7 

8 

]xc 







FUNCTION TABLE 


On/Off Control 

State of 

Input 

Analog Switch 

L 

Off 

H 

On 


10/95 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

Positive DC Supply Voltage (Referenced to GND) 

-0.5 to -f 14.0 

V 

V|S 

Analog Input Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

Vin 

Digital Input Voltage (Referenced to GND) 

-1.5 to Vcc + 1-5 

V 

1 

DC Current Into or Out of Any Pin 

±25 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 


"^stg 

Storage Temperature 

- 65 to 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP; - 10 mW/°C from 65° to 125° C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 
I/O pins must be connected to a 
properly terminated line or bus. 


|3 


* For voltage drops across the switch greater than 1 .2 V (switch on), excessive Vqc current may 
be drawn; i.e., the current out of the switch may contain both Vcc switch input components. 
The reliability of the device will be unaffected unless the Maximum Ratings are exceeded. 


DC ELECTRICAL CHARACTERISTICS Digital Section (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Voltage 

Ron = P®*" SP®® 

2.0 

1.5 

1.5 




ON/OFF Control Inputs 


4.5 

3.15 

3.15 






9.0 

6.3 

6.3 






12.0 

8.4 

8.4 



V|L 

Maximum Low-Level Voltage 

Ron = P®** SP®® 

2.0 

0.3 

0.3 

0.3 



ON/OFF Control Inputs 


4.5 

0.9 

0.9 

0.9 





9.0 

1.8 

1.8 

1.8 





12.0 

2.4 

2.4 

2.4 


•in 

Maximum Input Leakage Current, 
ON/OFF Control Inputs 

Vjn = Vcc or GND 


±0.1, 

±1.0 

±1.0 


•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

2 

20 

40 

pA 


Current (per Package) 

> 

o 

II 

O 

> 

12.0 

8 

1 

80 

160 



NOTE; Information on typical parametric values can be found in Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

Positive DC Supply Voltage (Referenced to GND) 

2.0 

12.0 

V 

V|S 

Analog Input Voltage (Referenced to GND) 



V 


Digital Input Voltage (Referenced to GND) 

GND 

Vcc 

V 

V|0* 

Static or Dynamic Voltage Across Switch 

- 

1.2 

V 

Ta 

Operating Temperature, All Package Types 

-55 

-h125 

°c 

tr.tf 

Input Rise and Fall Time, ON/OFF Vcc = 2-0 V 

0 

1000 

ns 


Control Inputs (Figure 1 0) Vcc = 4.5 V 

0 

500 



Vcc = 9.0 V 

0 

400 



Vcc = 12.0 V 

0 

250 
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DC ELECTRICAL CHARACTERISTICS Analog Section (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

Ron 

Maximum “ON” Resistance 

Vin = V,H 

2.0t 

— 

— 

— 

a 



V|s = Vqq to GND 

4.5 

320 

400 

480 




Is ^ 2.0 mA (Figures 1,2) 

9.0 

170 

215 

255 





12.0 

170 

215 

255 




Vin = V|H 

2.0 


— 





V|S = Vcc or GND (Endpoints) 

4.5 

180 

225 

270 




Is ^ 2.0 mA (Figures 1,2) 

9.0 

135 

170 

205 





12.0 

135 

170 

205 


ARon 

Maximum Difference in “ON” 

VinViH 

2.0 

— 

— 

— 

a 


Resistance Between Any Two 

V|s = 1/2(Vcc-GND) 

4.5 

30 

35 

40 



Channels in the Same Package 

Is ^ 2.0 mA 

9.0 

20 

25 

30 





12.0 

20 

25 

30 


•off 

Maximum Off-Channel Leakage 

Vin = V,L 

12.0 

0.1 

0.5 

1.0 

pA 


Current, Any One Channel 

Vio = VccorGND 

Switch Off (Figure 3) 






•on 

Maximum On-Channel Leakage 

Vin = V|H 

12.0 

0.1 

0.5 

1.0 

pA 


Current, Any One Channel 

V|S = VCC0I'GND 
(Figure 4) 

i 






tAt supply voltage (V^q - GND) approaching 2 V the analog switch-on resistance becomes extremely non-linear. Therefore, for low-voltage 
operation, it is recommended that these devices only be used to control digital signals. 

NOTE; Information on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, ON/OFF Control Inputs: tp = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Analog Input to Analog Output 

2.0 

50 

65 

75 

ns 

tPHL 

(Figures 8 and 9) 

4.5 

10 

13 

15 




9.0 

10 

13 

15 




12.0 

10 

13 

15 


tPLZ. 

Maximum Propagation Delay, ON/OFF Control to Analog Output 

2.0 

150 

190 

225 

ns 

tPHZ 

(Figures 10 and 11) 

4.5 

30 

38 

45 




9.0 

30 

38 

45 




12.0 

30 

38 

45 


tpZL. 

Maximum Propagation Delay, ON/OFF Control to Analog Output 

2.0 

125 

160 

185 

ns 

tpZH 

(Figures 10 and 11) 

4.5 

25 

32 

37 




9.0 

25 

32 

37 




12.0 

25 

32 

37 


C 

Maximum Capacitance ON/OFF Control Input 

- 

10 

10 

10 

pF 


Control Input = GND 







Analog I/O 

— 

35 

35 

35 



Feedthrough 

— 

1.0 

1.0 

1.0 



NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 





Typical @ 25°C, Vqc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Switch)* (Figure 13) 

15 


* Used to determine the no-load dynamic power consumption: Pq = Cpp VQQ^f + |qq Vcc- lo^cl considerations, see Chapter 2. 
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ADDITIONAL APPLICATION CHARACTERISTICS (Voltages Referenced to GND unless noted) 


Symbol 

Parameter 

Test Conditions 

Vcc 

V 

Limit* 

25°C 

54/74HC 

Unit 

BW 

Maximum On-Channel Bandwidth or 

f jn = 1 MHz Sine Wave 

4.5 

150 

MHz 


Minimum Frequency Response 

Adjust fjn Voltage to Obtain 0 dBm at Vqs 

9.0 

160 



(Figure 5) 

Increase fjn Frequency Until dB Meter Reads - 3 dB 

12.0 

160 




rl = 5o a Cl = iopf 




— 

Off-Channel Feedthrough Isolation 

fjn = Sine Wave 

4.5 

-50 

dB 


(Figure 6) 

Adjust fjn Voltage to Obtain 0 dBm at V|s 

9.0 

-50 




fjn = 10 kHz, Rl = 600 Q, Cl = 50 pF 

12.0 

-50 




fjn = 1.0 MHz, Rl = 50 Q, Cl = lOpF 


-40 






-40 






-40 


— 

Feedthrough Noise, Control to Switch 

Vjn ^ 1 MHz Square Wave (tr = tf = 6 ns) 

4.5 

60 

mVpp 


(Figure 7) 

Adjust Rl at Setup so that Is = 0 A 

9.0 

130 




Rl = 600 a, Cl = so pF 

12.0 

200 




Rl= 10 kQ, Cl= 10pF 

4.5 

30 





9.0 

65 





12.0 

100 


— 

Crosstalk Between Any Two Switches 

fjn = Sine Wave 

4.5 

-70 

dB 


(Figure 12) 

Adjust fjn Voltage to Obtain 0 dBm at V|s 

9.0 

-70 




fjn = 10 kHz, Rl = 600 Q, Cl = 50 pF 

12.0 

-70 




fjn = 1 .0 MHz, Rl = 50 Q, Cl = 10 pF 

4.5 

-80 





9.0 

-80 





12.0 

-80 


THD 

Total Harmonic Distortion 

fjn = 1 kHz, Rl = 10 kQ, Cl = 50 pF 



% 


(Figure 14) 

THD = THDjyieasured “ THDsource 






V|S = 4.0 Vpp sine wave 

4.5 

0.10 




V|s = 8.0 Vpp sine wave 

9.0 

0.06 




V|s = 11.0 Vpp sine wave 

12.0 

0.04 



* Guaranteed limits not tested. Determined by design and verified by qualification. 
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, ON RESISTANCE (OHMS) Ron , ON RESISTANCE (OHMS) Ron , ON RESISTANCE (OHMS) 


MC54/74HC4016 



0 .25 .50 .75 1.00 1.25 1.5 1.75 2.00 0 .5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 

Vjn, INPUT VOLTAGE (VOLTS), REFERENCED TO GND Vjn, INPUT VOLTAGE (VOLTS). REFERENCED TO GND 

Figure la. Typical On Resistance, Vqc = 2.0 V Figure 1b. Typical On Resistance, Vqc = 4.5 V 



0 .5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 

Vjn. INPUT VOLTAGE (VOLTS), REFERENCED TO GND Vjn, INPUT VOLTAGE (VOLTS). REFERENCED TO GND 

Figure 1c. Typical On Resistance, Vcc = 6.0 V Figure Id. Typical On Resistance, Vqc = 9*0 V 



Vjn, INPUT VOLTAGE (VOLTS), REFERENCED TO GND 

Figure 1e. Typical On Resistance, Vcc = 12.0 V Figure 2. On Resistance Test Set-Up 
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Figure 3. Maximum Off Channel Leakage Current, 
Any One Channel, Test Set-Up 


Figure 4. Maximum On Channel Leakage Current, 
Channel to Channel, Test Set-Up 




*lnciudes all probe and jig capacitance. *lncludes all probe and jig capacitance. 


Figure 5. Maximum On-Channel Bandwidth 
Test Set-Up 


Figure 6. Off-Channel Feedthrough Isolation, 
Test Set-Up 


VcC/2 ^CC Vcc/2 




‘Includes all probe and jig capacitance. 


Figure 7. Feedthrough Noise, ON/OFF Control to 
Analog Out, Test Set-Up 


Figure 8. Propagation Delays, Analog In to 
Analog Out 
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Figure 9. Propagation Delay Test Set-Up Figure 10. Propagation Delay, ON/OFF Control 

to Analog Out 



V|S 



VcC/2 

‘Includes all probe and jig capacitance 


Figure 11. Propagation Delay Test Set-Up Figure 12. Crosstalk Between Any Two Switches, 

Test Set-Up 



Figure 13. Power Dissipation Capacitance 
Test Set-Up 



‘Includes all probe and jig capacitance. 

Figure 14. Total Harmonic Distortion, Test Set-Up 
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FREQUENCY (kHz) 

Figure 15. Plot, Harmonic Distortion 



APPLICATION INFORMATION 



The ON/OFF Control pins should be at Vcc o'” GND logic 
levels, Vcc being recognized as logic high and GND being 
recognized as a logic low. Unused analog Inputs/outputs 
may be left floating (not connected). However, it is advisable 
to tie , unused analog inputs and outputs to Vcc o'" GND 
through a low value resistor. This minimizes crosstalk and 
feedthrough noise that may be picked up by the unused I/O 
pins. 

The maximum analog voltage swings are determined by 
the supply voltages Vcc and GND. The positive peak analog 
voltage should not exceed Vcc- Similarly, the negative peak 
analog voltage should not go below GND. In the example 


below, the difference between Vcc and GND is twelve volts. 
Therefore, using the configuration in Figure 16, a maximum 
analog signal of twelve volts peak-to-peak can be con- 
trolled. 

When voltage transients above Vcc and/or below GND 
are anticipated on the analog channels, external diodes (Dx) 
are recommended as shown in Figure 17. These diodes 
should be small signal, fast turn-on types able to absorb the 
maximum anticipated current surges during clipping. An al- 
ternate method would be to replace the Dx diodes with 
MO«sorbs (Motorola high current surge protectors). 
MO»sorbs are fast turn-on devices ideally suited for precise 
DC protection with no inherent wear-out mechanism. 


+ 12V — 


% 

ov— ^ 


ANALOG I/O 


+ 12Vi^ 

jrl^ 


14 




Vcc = 12 V 


SELECTED 

CONTROL 

INPUT 


ANALOG O/l 


— + 12V 


V 

OV 


t OTHER CONTROL 
INPUTS 
(Vcc OR GND) 


Figure 16. 12 V Application 


Dx t 


Vcc 


Vcc< 






i ON h 


INPUT 


SELECTED 

— OTHER CONTROL 
— INPUTS 
— (Vcc OR GND) 


Figure 17. Transient Suppressor Application 
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+ 5V 



ANALOG 

SIGNALS 


+ 5V 


LSTTL/ 

NMOS 


X 


ANALOG r : 
SIGNALS \ - 


HOT 

BUFFER 








I 1 I 


t> 


14 


15 


=} 


HC4016 


CONTROL 

INPUTS 

7 


ANALOG 

SIGNALS 


a. Using Pull-Up Resistors 


b. Using HCT Buffer 


Figure 18. LSTTL/NMOS to HCMOS Interface 


Vdd = 5V 


Vcc = 5T012V 



ANALOG 
-J SIGNALS 



Figure 19. TTI_/NMOS-to-CMOS Level Converter 
Analog Signal Peak-to-Peak Greater than 5 V 
(Also see HC4316) 


CHANNEL 4 


CHANNELS 


CHANNEL 2 


CHANNEL 1 



COMMON I/O 


1 2 3 4 


CONTROL INPUTS 
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Product Preview 

Quad Analog Switch/ 
Multiplexer/Demultiplexer 

High-Performance Silicon-Gate CMOS 



The MC54/74HC4016A utilizes silicon-gate CMOS technology to 
achieve fast propagation delays, low ON resistances, and low OFF- 
channel leakage current. This bilateral switch/multiplexer/demultiplexer 
controls analog and digital voltages that may vary across the full 
power-supply range (from Vcc to GND). 

The HC4016A is identical in pinout to the metal-gate CMOS MC14016 
and MC14066. Each device has four independent switches. The device 
has been designed so that the ON resistances (Rqn) much more 
linear over input voltage than Rqn ot metal-gate CMOS analog switches. 

This device is identical in both function and pinout to the HC4066A. The 
ON/OFF Control inputs are compatible with standard CMOS outputs; with 
pullup resistors, they are compatible with LSTTL outputs. For analog 
switches with voltage-level translators, see the HC4316A. For analog 
switches with lower Rqn characteristics, use the HC4066A. 

• Fast Switching and Propagation Speeds 

• High ON/OFF Output Voltage Ratio 

• Low Crosstalk Between Switches 

• Diode Protection on All Inputs/Outputs 

• Wide Power-Supply Voltage Range (Vqc “ GND) = 2.0 to 12.0 Volts 

• Analog Input Voltage Range (Vqc - GND) = 2.0 to 12.0 Volts 

• Improved Linearity and Lower ON Resistance over Input Voltage than 
the MCI 401 6 or MCI 4066 

• Low Noise 

• Chip Complexity: 32 FETs or 8 Equivalent Gates 


LOGIC DIAGRAM 
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A ON/OFF CONTROL 
Xb 

BON/OFF CONTROL 

xc 

CON/OFF CONTROL 

Xd 

DON/OFF CONTROL 
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ANALOG INPUTS/OUTPUTS = Xa, Xb, Xq, Xq 
PIN 14 = Vcc 
PIN 7 = GND 
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OUTPUTS/INPUTS 
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1 

J SUFFIX 

CERAMIC PACKAGE 

CASE 632-08 

N ^IIFFiy 

1 

PLASTIC PACKAGE 

CASE 646-06 

1 

D SUFFIX 

SOIC PACKAGE 

CASE 751A-03 

14^. 

1 

DT SUFFIX 

TSSOP PACKAGE 

CASE 948G-01 

ORDERING INFORMATION 

MC54HCXXXXAJ Ceramic 

MC74HCXXXXAN Plastic 

MC74HCXXXXAD SOIC 

MC74HCXXXXADT TSSOP 


PIN ASSIGNMENT 

XaC 

1 • 

14 

] Vcc 

YaE 

2 

13 

T A ON/OFF 

J CONTROL 

Yb[ 

3 

12 

] DON/OFF 



CONTROL 

XbC 
B ON/OFF r 
CONTROL 

4 

11 

10 

-< X 

o o 

5 

C ON/OFF r 
CONTROL 

6 

9 

]Yc 

GND[ 

7 

8 

]Xc 






FUNCTION TABLE 


On/Off Control 

State of 

Input 

Analog Switch 

L 

Off 

H 

On 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

Positive DC Supply Voltage (Referenced to GND) 

-0.5 to + 14.0 

V 

Vis 

Analog Input Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

Vin 

Digital Input Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

1 

DC Current Into or Out of Any Pin 

±25 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature 

-65 to +150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC or TSSOP Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP; - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 
I/O pins must be connected to a 
properly terminated line or bus. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

Positive DC Supply Voltage (Referenced to GND) 

2.0 

12.0 

V 

V|S 

Analog Input Voltage (Referenced to GND) 

GND 

Vcc 

V 

Vin 

Digital Input Voltage (Referenced to GND) 

GND 

Vcc 

V 

VlO* 

Static or Dynamic Voltage Across Switch 

- 

1.2 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time, ON/OFF Vcc = 2.0 V 

0 

1000 

ns 


Control Inputs (Figure 10) Vqq = 3.0 V 

0 

600 



Vcc = 4.5 V 

0 

500 



Vcc = 9-0 V 

0 

400 



Vcc = 12.0 V 

0 

250 



For voltage drops across the switch greater than 1 .2 V (switch on), excessive Vcc current may 
be drawn; i.e., the current out of the switch may contain both Vcc switch input components. 
The reliability of the device will be unaffected unless the Maximum Ratings are exceeded. 



DC ELECTRICAL CHARACTERISTICS Digital Section (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Voltage 

Ron = P6'' spec 

2.0 

1.5 

1.5 

1.5 

V 


ON/OFF Control Inputs 


3.0 

2.1 

2.1 

2.1 





4.5 

3.15 

3.15 

3.15 





9.0 

6.3 

6.3 

6.3 





12.0 

8.4 

8.4 

8.4 


V|L 

Maximum Low-Level Voltage 

Ron = per spec 

2.0 

0.5 

0.5 

0.5 

V 


ON/OFF Control Inputs 


3.0 

0.9 

0.9 

0.9 





4.5 

1.35 

1.35 

1.35 





9.0 

2.70 

2.70 

2.70 





12.0 

3.6 

3.6 

3.6 
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DC ELECTRICAL CHARACTERISTICS Digital Section (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

lin 

Maximum Input Leakage Current, 
ON/OFF Control Inputs 

Vjn = Vqo or GND 

12.0 

+0.1 

+1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vqc or GND 

6.0 

2 

20 

40 

pA 


Current (per Package) 

> 

o 

ti 

O 

> 

12.0 

4 

40 

160 



NOTE: Information on typical parametric values can be found in Chapter 2. 


DC ELECTRICAL CHARACTERISTICS Analog Section (Voltages Referenced to GND) 






Guaranteed Limit 





Vqc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

Ron 

Maximum “ON” Resistance 

Vin = V|H 

2.0t 

— 

— 

— 

Q 



V|s = Vqq to GND 

4.5 

160 

200 

240 




Is ^ 2.0 mA (Figures 1, 2) 

9.0 

90 

110 

130 





12.0 

90 

110 

130 




Vin = V|H 

2.0 

— 


— 




Vis = Vqq or GND (Endpoints) 

4.5 

90 

115 

140 




Is ^ 2.0 mA (Figures 1 , 2) 

9.0 

70 

90 

105 





12.0 

70 

90 

105 


c 

o 

QC 

<1 

Maximum Difference in “ON” 

Vin V|H 

2.0 

— 

— 

— 

Q 


Resistance Between Any Two 

V|s = 1/2(Vqq-GND) 

4.5 

20 

25 

30 



Channels in the Same Package 

Is ^ 2.0 mA 

9.0 

15 

20 

25 





12.0 

15 

20 

25 


•off 

Maximum Off-Channel Leakage 

Vin = V|L 

12.0 

0.1 

0.5 

1.0 

pA 


Current, Any One Channel 

Vio = Vqq or GND 

Switch Off (Figure 3) 






•on 

Maximum On-Channel Leakage 

Vin = V|H 

12.0 

0.1 

0.5 

1.0 

pA 


Current, Any One Channel 

Vis = Vqq OfGND 
(Figure 4) 







tAt supply voltage (Vqq - GND) approaching 3 V the analog switch-on resistance becomes extremely non-linear. Therefore, for low-voltage 
operation, it is recommended that these devices only be used to control digital signals. 

NOTE: Information on typical parametric values can be found In Chapter 2. 



AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, ON/OFF Control Inputs: tr = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Analog Input to Analog Output 

2.0 

40 

50 

60 

ns 

tPHL 

(Figures 8 and 9) 

4.5 

5 

7 

8 




9.0 

5 

7 

8 




12.0 

5 

7 

8 


tPLZ. 

Maximum Propagation Delay, ON/OFF Control to Analog Output 

2.0 

80 

90 

110 

ns 

tPHZ 

(Figures 10 and 11) 

4.5 

20 

25 

35 




9.0 

20 

25 

35 




12.0 

20 

25 

35 


tpZL. 

Maximum Propagation Delay, ON/OFF Control to Analog Output 

2.0 

80 

90 

100 

ns 

tPZH 

(Figures 10 and 11) 

4.5 

20 

25 

30 




9.0 

20 

25 

30 




12.0 

20 

25 

30 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, ON/OFF Control Inputs: V = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

C 

Maximum Capacitance 

ON/OFF Control Input 

— 

10 

10 

10 

pF 



Control Input = GND 








Analog I/O 

— 

35 

35 

35 




Feedthrough 

— 

1.0 

1.0 

1.0 



NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CPD 

Power Dissipation Capacitance (Per Switch)* (Figure 13) 

15 


* Used to determine the no-load dynamic power consumption: Pq = Cpp VQc^f + Icc ^CC- considerations, see Chapter 2. 


ADDITIONAL APPLICATION CHARACTERISTICS (Voltages Referenced to GND unless noted) 


Symbol 

Parameter 

Test Conditions 

< 

<0 

0 

Limit* 

25°C 

54/74HC 

Unit 

BW 

Maximum On-Channel Bandwidth or 

fjp = 1 MHz Sine Wave 

4.5 

150 

MHz 


Minimum Frequency Response 

Adjust fjn Voltage to Obtain 0 dBm at Vqs 

9.0 

160 



(Figure 5) 

Increase fjp Frequency Until dB Meter Reads - 3 dB 

12.0 

160 




Rl = 50 a, CL = 10pF 




— 

Off-Channel Feedthrough Isolation 

fjp = Sine Wave 

4.5 

-50 

dB 


(Figure 6) 

Adjust f jp Voltage to Obtain 0 dBm at V13 

9.0 

-50 




fjp = 10 kHz, Rl = 600 Q, Cl = 50 pF 

12.0 

-50 




fjp = 1 .0 MHz, Rl = 50 Q, Cl = 1 0 pF 

4.5 

-40 





9.0 

-40 





12.0 

-40 


— 

Feedthrough Noise, Control to Switch 

Vjp < 1 MHz Square Wave (tp = tf = 6 ns) 

4.5 

60 



(Figure 7) 

Adjust Rl at Setup so that Is = 0 A 

9.0 

130 




Rl = 600 Q, Cl = 50 pF 

12.0 

200 




RL = 10ka, Cl=10pF 

4.5 






9.0 






12.0 



— 

Crosstalk Between Any Two Switches 

fjp = Sine Wave 

4.5 

-70 

dB 


(Figure 12) 

Adjust fjp Voltage to Obtain 0 dBm at V|s 

9.0 

-70 




fjp = 10 kHz, Rl = 600 D, Cl = 50 pF 

12.0 

-70 




fjp = 1.0 MHz, Rl = 50 Q, Cl = 10 pF 

4.5 

■■ 





9.0 






12.0 



THD 

Total Harmonic Distortion 

fjp = 1 kHz, Rl = 10 kQ, Cl = 50 pF 



% 


(Figure 14) 

THD = THDj\4easured “ THDsource 






V|S = 4.0 Vpp sine wave 

4.5 

0.10 




V|s = 8-0 Vpp sine wave 

9.0 

0.06 




V|s = 11.0 Vpp sine wave 

12.0 

0.04 



* Guaranteed limits not tested. Determined by design and verified by qualification. 
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0 .25 .50 .75 1.00 1.25 1.5 1.75 2.00 

Vjn, INPUT VOLTAGE (VOLTS), REFERENCED TO GND 

Figure 1a. Typical On Resistance, Vcc = 2.0 V 
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Vin, INPUT VOLTAGE (VOLTS), REFERENCED TO GND 

Figure 1c. Typicai On Resistance, Vqc = 0-0 V 
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.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 

Vjn, INPUT VOLTAGE (VOLTS), REFERENCED TO GND 


Figure 1b. Typical On Resistance, Vcc = 4.5 V 
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0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 

Vjn, INPUT VOLTAGE (VOLTS), REFERENCED TO GND 

Figure Id. Typical On Resistance, Vcc = 9.0 V 
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Figure 1e. Typical On Resistance, Vcc = 12.0 V 



Figure 2. On Resistance Test Set-Up 
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Figure 3. Maximum Off Channel Leakage Current, 
Any One Channel, Test Set-Up 


Figure 4. Maximum On Channel Leakage Current, 
Channel to Channel, Test Set-Up 



‘Includes all probe and jig capacitance. ‘Includes all probe and jig capacitance. 

Figure 5. Maximum On-Channel Bandwidth Figure 6. Off-Channel Feedthrough Isolation, 

Test Set-Up Test Set-Up 


VcC/2 ^CC Vcc/2 




‘Includes all probe and jig capacitance. 


Figure 7. Feedthrough Noise, ON/OFF Control to 
Analog Out, Test Set-Up 


Figure 8. Propagation Delays, Analog In to 
Analog Out 
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14 

J 

ANALOG OUT 
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h' 

r 
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CONTROL 
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^ Vcc 


TEST 

POINT 


*lncludes all probe and jig capacitance. 



Vcc 

GND 

HiGH 

IMPEDANCE 

Vql 

Vqh 

HiGH 

IMPEDANCE 


Figure 9. Propagation Delay Test Set-Up 


Figure 10. Propagation Delay, ON/OFF Control 
to Analog Out 



V|S 



‘Includes all probe and jig capacitance 


Figure 11. Propagation Delay Test Set-Up Figure 12. Crosstalk Between Any Two Switches, 

Test Set-Up 



-NC 



TO 

DiSTORTION 

METER 


‘Includes all probe and jig capacitance. 


Figure 13. Power Dissipation Capacitance 
Test Set-Up 


Figure 14. Total Harmonic Distortion, Test Set-Up 









MC54/74HC4016A 



FREQUENCY (kHz) 

Figure 15. Plot, Harmonic Distortion 


APPLICATION INFORMATION 

The ON/OFF Control pins should be at Vcc of GND logic 
levels, Vqc being recognized as logic high and GND being 
recognized as a logic low. Unused analog inputs/outputs 
may be left floating (not connected). However, it is advisable 
to tie unused analog inputs and outputs to Vcc o'” GND 
through a low value resistor. This minimizes crosstalk and 
feedthrough noise that may be picked up by the unused I/O 
pins. 

The maximum analog voltage swings are determined by 
the supply voltages Vcc ^nd GND. The positive peak analog 
voltage should not exceed Vcc- Similarly, the negative peak 
analog voltage should not go below GND. In the example 


below, the difference between Vqc si^cI GND is twelve volts. 
Therefore, using the configuration in Figure 16, a maximum 
analog signal of twelve volts peak-to-peak can be con- 
trolled. 

When voltage transients above Vqc and/or below GND 
are anticipated on the analog channels, external diodes (Dx) 
are recommended as shown in Figure 17. These diodes 
should be small signal, fast turn-on types able to absorb the 
maximum anticipated current surges during clipping. An al- 
ternate method would be to replace the Dx diodes with 
MO*sorbs (Motorola high current surge protectors). 
MO*sorbs are fast turn-on devices ideally suited for precise 
DC protection with no inherent wear-out mechanism. 
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Vcc = 12 V 


INPUT 
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ANALOG 0/1 




— + 12V 


OV 
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— OTHER CONTROL 
— INPUTS 
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Figure 16. 12 V Application 
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Figure 17. Transient Suppressor Application 
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Figure 18. LSTTL/NMOS to HCMOS Interface 
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Figure 19. TTL/NMOS-to-CMOS Level Converter 
Analog Signal Peak-to-Peak Greater than 5 V 
(Also see HC4316A) 
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Decade Counter 

High-Performance Silicon-Gate CMOS 

The MC74HC4017 is identical in pinout to the standard CMOS 
MC14017B. The device inputs are compatible with standard CMOS outputs; 
with pullup resistors, they are compatible with LSTTL outputs. 

The HC4017 uses a five stage Johnson counter and decoding logic to 
provide high-speed operation. This device also has an active-high, as well 
as active-low clock input. 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 1 76 FETs or 44 Equivalent Gates 


LOGIC DIAGRAM 



MC74HC4017 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to -t- 7.0 

V 

V|n 

DC Input Voltage (Referenced to GND) 

- 1.5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

'in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW 

"^stg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out' — 20 |iA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


ViL 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out' — 20 jiA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

V|n = ViH orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

llout' ^ 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l 'lout' ^ ^ O mA 

4.5 

3.98 

3.84 

3.70 




••out' ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out' — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = ViH or V|l 'lout' ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llout' ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vqq or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 



Parameter 

Vcc 

V 



-55 to 
25°C 

^ 85°C 


^max 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 






(Figures 1 and 9) 

4.5 







6.0 

■■ 





Maximum Propagation Delay, Clock to Q 

2.0 

230 

290 




(Figures 1 and 9) 

4.5 

46 

58 





6.0 

39 

49 



tPLH. 

Maximum Propagation Delay, Clock to Carry Out 

2.0 

230 

290 

345 

ns 

tPHL 

(Figures 2 and 9) 

4.5 

46 

58 

69 




6.0 

39 

49 

59 


tPLH. 

Maximum Propagation Delay, Reset to Q 

2.0 

230 

290 

345 

ns 

tPHL 

(Figures 3 and 9) 

4.5 

46 

58 





6.0 

39 

49 



tPLH 

Maximum Propagation Delay, Reset to Carry Out 

2.0 

230 

290 




(Figures 3 and 9) 

4.5 

46 

58 





6.0 

39 

49 



tPLH. 

Maximum Propagation Delay, Clock Enable to Q 

2.0 

250 

315 

375 

ns 

tPHL 

(Figures 4 and 9) 

4.5 

50 

63 

75 




6.0 

43 

54 

64 


tPLH. 

Maximum Propagation Delay, Clock Enable to Carry Out 


250 

315 

375 

ns 

tPHL 

(Figures 5 and 9) 


50 

63 

75 





43 

54 

64 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 8 and 9) 


15 

19 

22 





13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 



CpD 


Power Dissipation Capacitance (Per Package)* 


Typical @ 25°C, Vcc = 5.0 V 


35 


pF 


* Used to determine the no-load dynamic power consumption; Pq = CpD VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 


High-Speed CMOS Logic Data 
DL129 — Rev6 


3-567 


MOTOROLA 




























































MC74HC4017 


TIMING REQUIREMENTS (Input tr = tf = 6 ns)t 


Symbol 

Parameter 

Vcc 

V 

Guaranteed Limit 

Unit 

- 55 to 
25°C 

< 85°C 

< 125°C 

^su 

Minimum Setup Time, Clock Enable to Clock 

2.0 

50 

65 

75 

ns 


(Figure 6) 

4.5 

10 

13 

15 




6.0 

9 

11 

13 


^su 

Minimum Setup Time, Clock Enable to Clock (Inhibit Count) 

2.0 

50 

65 

75 

ns 


(Figure 6) 

4.5 

10 

13 

15 




6.0 

9 

11 

13 



Minimum Hold Time, Clock to Clock Enable 

2.0 

50 

65 




(Figure 6) 

4.5 

10 

13 



nm 


6.0 

9 

11 




Minimum Recovery Time, Reset to Clock 



125 




(Figure 7) 



25 







21 


■i 

non 

Minimum Pulse Width, Clock Input 

2.0 

80 

100 

120 



(Figure 2) 

4.5 

16 

20 

24 


nm 


6.0 

14 

17 

20 

mu 


Minimum Pulse Width, Reset Input 

2.0 

80 

100 

120 



(Figure 3) 

4.5 

. 16 

20 

24 




6.0 

14 

17 

20 

mM 

tw 

Minimum Pulse Width, Clock Enable Input 

2.0 

80 

100 

120 

ns 


(Figure 4) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


V. tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 



FUNCTION TABLE 


Clock 

Clock 

Enable 

Reset 

Output State* 

L 

X 

L 

no change 

X 

H 

L 

no change 

X 

X 

H 

reset counter, QO = H, Q1 -Q9 = L, CO = H 


L 

L 

advance to next state 

■V 

X 

L 

no change 

X 

J~ 

L 

no change 

H 

A. 

L 

advance to next state 


X = Don’t care 

* Carry Out = H for QO, Q1 , Q2, 03, or 04 = H; Carry Out = L otherwise. 


PIN DESCRIPTIONS 


INPUTS 
Clock (Pin 14) 

Counter clock input. While Clock Enable is low, a low-to- 
high transition on this input advances the counter to its next 
state. 

Reset (Pin 15) 

Asynchronous counter reset input. A high level at this input 
initializes the counter and forces QO and Carry Out to a high, 
Q1-Q9 are forced to a low level. 

Clock Enable (Pin 13) 

Active-low clock enable input. A low level on this input al- 
lows the device to count. A high level on this input inhibits the 
counting operation. This input may also be used as a 


negative-edge clock input, using Clock (Pin 14) as an 
active-high enable pin. 

OUTPUTS 

Q0-Q9 (Pins 3, 2, 4, 7, 10, 1, 5, 6, 9, 11) 

Decoded decade counter outputs. Each of these outputs is 
high for one clock period only. 

Carry Out (Pin 12) 

Cascading output pin. This output is used either as a cas- 
cading output or a symmetrical divide-by-ten output. This 
output goes low when a count of five is reached and high 
when the counter advances to zero or when reset. When the 
counters are cascaded this output provides a rising-edge 
signal for the clock input of the next counter stage. 
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SWITCHING WAVEFORMS 




Vcc 

GND 


Figure 1. 



Vcc 

GND 


Vcc 

GND 



Vcc 

GND 


Figure 5. 



CLOCK 

ENABLE 

CLOCK 



Vcc 

GND 



Vcc 

GND 


Figure 6. 


00-09, 

CARRYOUT 



Figure 8. 




TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


4 : 


* Includes all probe and jig capacitance 


Figure 7. 


Figure 9. Test Circuit 
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MC74HC4017 


TYPICAL APPLICATIONS 


Vcc 



BUFFER 

(OPTIONAL TO PREVENT SPURIOUS RESET) 


Figure 10 shows a divide by 2 through 10 circuit using one HC4017. Please note that since Reset is asynchronous, the 
output pulse widths are narrow. 

Figure 10. -2 Through - 10 Circuit 



FIRST STAGE INTERMEDIATE STAGES LAST STAGE 


Figure 11 shows a technique for cascading the counters to extend the number of decoded output states. Decoded outputs 
are sequential within each stage and from stage to stage, with no dead time (except propagation delay). 

Figure 11. Counter Expansion 
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14-Stage Binary Ripple 
Counter 

High-Performance Silicon-Gate CMOS 

The MC74C4020A is identical in pinout to the standard CMOS 
MC14020B. The device inputs are compatible with standard CMOS outputs; 
with pullup resistors, they are compatible with LSTTL outputs. 

This device consists of 14 master-slave flip-flops with 12 stages brought 
out to pins. The output of each flip-flop feeds the next and the frequency at 
each output is half of that of the preceding one. Reset is asynchronous and 
active-high. 

State changes of the Q outputs do not occur simultaneously because of 
internal ripple delays. Therefore, decoded output signals are subject to 
decoding spikes and may have to be gated with the Clock of the HC4020A 
for some designs. 

• Output Drive Capability: 10 LSTTL Loads 

® Outputs Directly Interface to CMOS, NMOS, and TTL 
o Operating Voltage Range: 2 to 6 V 
« Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance With JEDEC Standard No. 7A Requirements 
® Chip Complexity: 398 FETs or 99.5 Equivalent Gates 


MC74HC4020A 


1 

N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 

1 

D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 


DT SUFFIX 

TSSOP PACKAGE 

1 

CASE 948F-01 

ORDERING INFORMATION 

MC74HCXXXXAN Plastic 

MC74HCXXXXAD SOIC 

MC74HCXXXXADT TSSOP 


FUNCTION TABLE 


LOGIC DIAGRAM 



Clock 

Reset 

Output State 

_y- 

L 

No Charge 


L 

Advance to Next State 

X 

H 

All Outputs Are Low 



Vcc Q11 Q10 Q8 Q9 Reset Clock Q1 

Pinout: 16-Lead Plastic Package 

(Top View) 

Q12 Q13 Q14 Q6 Q5 Q7 Q4 GND 


10/95 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 0.5 to Vqq -i- 0.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqc and GND Pins 

±50 

mA 

pd 

Power Dissipation in Still Air Plastic DlPf 

750 

mW 


SOIC Package! 

500 



TSSOP Package! 

450 


CQ 

Storage Temperature Range 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


Plastic DIP, SOIC or TSSOP Package 

260 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature Range, All Package Types 

-55 

+ 125 

°c 

tr. tf 

Input Rise/Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 3.0 V 

0 

600 




Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


DC CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Condition 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 25°C 

<85°C 

<125°C 

V|H 

Minimum High-Level Input Voltage 

Vout = 0.1V or Vqq -0.1V 

2.0 

1.50 

1.50 

1.50 

V 



••out^ - 20|iA 

3.0 

2.10 

2.10 

2.10 





4.5 

3.15 

3.15 

3.15 





6.0 

4.20 

4.20 

4.20 


V|L 

Maximum Low-Level Input Voltage 

Vniit = 0.1Vor Vqh-O.IV 

2.0 

0.50 

0.50 

0.50 

V 



••out! - 20jiA 

3.0 

0.90 

0.90 

0.90 





4.5 

1.35 

1.35 

1.35 





6.0 

1.80 

1.80 

1.80 


VOH 

Minimum High-Level Output 

Vin = V|H orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out! - 20pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin =V|H O'” V|L lloutl ^ 2.4mA 

3.0 

2.48 

2.34 

2.20 




••out* ^ 4.0mA 

4.5 

3.98 

3.84 

3.70 




••out^ — 5.2mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orVjL 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••oufl - 20(xA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l lloutl ^ 2.4mA 

3.0 

0.26 

0.33 

0.40 




lloutl ^ 4.0mA 

4.5 

0.26 

0.33 

0.40 




lloutl — 5.2mA 

6.0 

0.26 

0.33 

0.40 
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DC CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Condition 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 25°C 

<85°C 

<125°C 

'in 

Maximum Input Leakage Current 

Vin = Vqc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

'cc 

Maximum Quiescent Supply 

Current (per Package) 

Vin = Vcc or GND 
'out = 

6.0 

4 

40 

160 

pA 


NOTE; Information on typical parametric values can be found in Chapter 2. 


AC CHARACTERISTICS (Cl = 50 pF, Input tp = tf = 6 ns) 




Vcc 

Guaranteed Limit 


Symbol 

Parameter 

V 

-55 to 25°C 

<85°C 

<125°C 

Unit 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

10 

9.0 

8.0 

MHz 


(Figures 1 and 4) 

3.0 

15 

14 

12 




4.5 

30 

28 

25 




6.0 

50 

50 

40 




2.0 

96 

106 

115 

ns 



3.0 

63 

71 

88 




4.5 

31 

36 

40 


■■ 


6.0 

25 

30 

35 




2.0 

45 

52 

65 

ns 


(Figures 2 and 4) 

3.0 

30 

36 

40 




4.5 

30 

35 

40 


■■ 


6.0 

26 

32 

35 


tpLH. 

Maximum Propagation Delay, On to Qn+1 

2.0 

69 

80 

90 

ns 

tPHL 

(Figures 3 and 4) 

3.0 

40 

45 

50 




4.5 

17 

21 

28 




6.0 

14 

15 

22 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures T and 4) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

15 

19 


^in 

Maximum Input Capacitance 

10 

10 

10 

pF 



NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 

* For Ta = 25°C and Cl = 50 pF, typical propagation delay from Clock to other Q outputs may be calculated with the following equations: 
Vcc = 2.0 V: tp = [93.7 + 59.3 (n-1 )] ns Vcc = 4.5 V: tp = [30.25 + 1 4.6 (n-1 )] ns 

Vcc = 3.0 V: tp = [61 .5 + 34.4 (n-1 )] ns Vqc = 6.0 V: tp = [24.4 + 1 2 (n-1 )] ns 


CpD 


Power Dissipation Capacitance (Per Package)* 


Typical @ 25°C, Vcc = 5.0 V 


38 


pF 


* Used to determine the no-load dynamic power consumption: Pq = Cpo Vcc^^ + 'CC ^CC- For load considerations, see Chapter 2. 
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TIMING REQUIREMENTS (Input tr = tf = 6 ns) 




Vcc 

V 

Guaranteed Limit 


Symbol 

Parameter 

-55 to 25°C 

<85°C 

<125°C 

Unit 


Minimum Recovery Time, Reset Inactive to Clock 

2.0 

30 

40 

50 

ns 

mam 

(Figure 2) 

3.0 

20 

25 

30 




4.5 

5 

8 

12 


■■ 


6.0 

4 

6 

9 



Minimum Pulse Width, Clock 

2.0 

70 

80 

90 

ns 


(Figure 1) 

3.0 

40 

45 

50 




4.5 

15 

19 

24 




6.0 

13 

16 

20 



Minimum Pulse Width, Reset 

2.0 

70 

80 

90 

ns 


(Figure 2) 

3.0 

40 

45 

50 




4.5 

15 

19 

24 




6.0 

13 

16 

20 


tr.tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

3.0 

800 

800 

800 




4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 


PIN DESCRIPTIONS 



INPUTS 
Clock (Pin 10) 

Negative-edge triggering clock input. A high-to-low tran- 
sition on this input advances the state of the counter. 

Reset (Pin 11) 

Active-high reset. A high level applied to this input asynch- 


ronously resets the counter to its zero state, thus forcing all Q 
outputs low. 

OUTPUTS 

Q1, Q4— Q14 (Pins 9, 7, 5, 4, 6, 13, 12, 14, 15, 1, 2, 3) 

Active-high outputs. Each Qn output divides the Clock 
Input frequency by 2^. 


SWITCHING WAVEFORMS 



Clock 


Reset 


I 


/ “V 

Vec 


Vcc 


50% 

■ tpHL “H 


GND 


Vcc 

-GND 


AnyQ 


J 5 ^ 


Figure 1. 


Figure 2. 
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MC74HC4020A 


Clock 


1 2 4 8 16 32 64 128 256 512 1024 2048 4096 8192 16384 


Reset 


Q4 

Q5 

Q6 


Q7 

Q8 

Q9 

Q10 



Q12 

Q13 

Q14 


j 


Figure 6. Timing Diagram 


APPLICATIONS INFORMATION 



Time-Base Generator 

A 60Hz sinewave obtained through a 1 .0 Megohm resistor 
connected directly to a standard 120 Vac power line is 
applied to the input of the MC54/74HC14A, Schmitt-trigger 
inverter. The HC14A squares-up the input waveform and 


feeds the HC4020A. Selecting outputs Q5, Q10, Q11, and 
Q12 causes a reset every 3600 clocks. The HC20 decodes 
the counter outputs, produces a single (narrow) output pulse, 
and resets the binary counter. The resulting output frequency 
is 1.0 pulse/minute. 


120Vac 

60Hz 


VCC Vcc 



Figure 7. Time-Base Generator 
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7-Stage Binary Ripple Counter 

High-Performance Silicon-Gate CMOS 

The MC74HC4024 is identical in pinout to the standard CMOS MC14024. 
The device inputs are compatible with standard CMOS outputs; with pullup 
resistors, they are compatible with LSTTL outputs. 

This device consists of 7 master-slave flip-flops. The output of each 
flip-flop feeds the next and the frequency at each output Is half that of the 
preceding one. The state of the counter advances on the negative going 
edge of the Clock input. Reset is asynchronous and active-high. 

State changes of the Q outputs do not occur simultaneously because of 
internal ripple delays. Therefore, decoded output signals are subject to 
decoding spikes and may have to be gated with the Clock of the HC4024 for 
some designs. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 
® Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 206 FETs or 51 .5 Equivalent Gates 


LOGIC DIAGRAM 



PIN14 = Vcc 
PIN7 = GND 

PINS 8, 10 AND 13 = NO CONNECTION 


MC74HC4024 



PIN ASSIGNMENT 

CLOCK [ 

1 • 

14 

] Vcc 

RESET [ 

2 

13 

] NC 

07 [ 

3 

12 

]Q1 

06 [ 

4 

11 

]Q2 

Q5[ 

5 

10 

]NC 

04 [ 

6 

9 

]Q3 

GND [ 

7 

8 

] NC 

NC 

= NO CONNECTION 



FUNCTION TABLE 


Clock 

Reset 

Output State 

J~ 

L 

No Change 


L 

Advance to Next State 

X 

H 

All Outputs are Low 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5toVcc + ‘'-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0.5 

V 

'in 

DC Input Current, per Pin 

±20 

mA 

'out 

DC Output Current, per Pin 

±25 

mA 

'cc 

DC Supply Current, Vqc GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

, mW 

Tstg 

Storage Temperature 

-65 to -1-150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOIC Package; - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

-f 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 




This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

VlH 

Minimum High-Level Input 

Vout = Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

"out' — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


VlL 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

"out' — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|HorViL 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

"out' — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or VjL 'lout' ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llout' ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = ViHorV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

"out' ^ 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = ViH or V|l 'lout' ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




"out' - 6.2 mA 

6.0 

0.26 

0.33 

0.40 


'in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

'cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

'out = 0 pA 


1 





NOTE: Information on typical parametric values can be found in Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 


Symbol 

Parameter 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

5.4 

4.4 

3.6 

MHz 


(Figures 1 and 4) 

4.5 

27 

22 

18 




6.0 

32 

26 

21 


tPLH. 

Maximum Propagation Delay, Clock to 01* 

2.0 

210 

265 

315 

ns 

tPHL 

(Figures 1 and 4) 

4.5 

42 

53 

63 




6.0 

36 

45 

54 


tPHL 

Maximum Propagation Delay, Reset to Any Q 

2.0 

210 

265 

315 

ns 


(Figures 2 and 4) 

4.5 

42 

53 

63 




6.0 

36 

45 

54 


tPLH. 

Maximum Propagation Delay, ON to ON + 1 

2.0 

125 

155 

190 

ns 

tPHL 

(Figures 3 and 4) 

4.5 

25 

31 

38 




6.0 

21 

26 

32 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 4) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 

* For Ta = 25°C and Cl = 50 pF, typical propagation delay from Clock to other Q outputs may be calculated with the following equations: 
Vcc = 2.0 V: tp = [205 + 1 00(N - 1 )] ns 
Vcc = 4.5 V: tp = [41 + 20(N - 1)] ns 
Vcc = 6.0 V: tp = [35 + 17(N - 1)] ns 




Typical @ 25°C, Vcc = 5-0 V 

CpD 

Power Dissipation Capacitance (Per Package)* 

30 


* Used to determine the no-load dynamic power consumption: Pq = Cpc Vcc^f + ICC ^CC- considerations, see Chapter 2. 



TIMING REQUIREMENTS (Input tr = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

: 1 
■rec 

Minimum Recovery Time, Reset Inactive to Clock 

2.0 

100 

125 

150 

ns 


(Figure 2) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


tw 

Minimum Pulse Width, Clock 

2.0 

80 

100 

120 

ns 


(Figure 1) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tw 

Minimum Pulse Width, Reset 

2.0 

80 

100 

120 

ns 


(Figure 2) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tptf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found In Chapter 2. 
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PIN DESCRIPTIONS 


INPUTS 
Clock (Pin 1) 

Negative edge triggering clock input. A High to low transi- 
tion of this input advances the state of the counter. 

Reset (Pin 2) 

Active high asynchronous reset. A high level applied to this 


input resets the counter to its zero state, thus forcing all Q 
outputs low. 

OUTPUTS 

Q1-Q7 (Pins 12, 11, 9, 6, 5, 4, 3) 

Active-high outputs. Each QN output divides the Clock in- 
put frequency by 2N. 


SWITCHING WAVEFORMS 



3 




Figure 2. 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


4 : 


* Includes all probe and jig capacitance 

Figure 4. Test Circuit 
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EXPANDED LOGIC DIAGRAM 


3 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


1 2-Stage Binary Ripple 
Counter 

High-Performance Silicon-Gate CMOS 

The MC54/74C4040A is identical in pinout to the standard CMOS 
MC14040. The device inputs are compatible with standard CMOS out- 
puts; with pullup resistors, they are compatible with LSTTL outputs. 

This device consists of 12 master-slave flip-flops. The output of each 
flip-flop feeds the next and the frequency at each output is half of that of 
the preceding one. The state counter advances on the negative-going 
edge of the Clock input. Reset is asynchronous and active-high. 

State changes of the Q outputs do not occur simultaneously because of 
internal ripple delays. Therefore, decoded output signals are subject to 
decoding spikes and may have to be gated with the Clock of the 
HC4040A for some designs. 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range; 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance With JEDEC Standard No. 7A Requirements 

• Chip Complexity: 398 FETs or 99.5 Equivalent Gates 



LOGIC DIAGRAM 



MC54/74HC4040A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 



N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 



D SUFFIX 

SOIC PACKAGE 
CASE 751B-05 



DT SUFFIX 

TSSOP PACKAGE 
CASE 948F-01 


ORDERING INFORMATION 

MC54HCXXXXAJ Ceramic 
MC74HCXXXXAN Plastic 
MC74HCXXXXAD SOIC 
MC74HCXXXXADT TSSOP 


FUNCTION TABLE 


Clock 

Reset 

Output State 


L 

No Charge 


L 

Advance to Next State 

X 

H 

All Outputs Are Low 


Vcc Q11 Q10 Q8 Q9 Reset Clock Q1 

raniiriiir^fitirniwfTi 

Pinout: 16-Lead Plastic Package 

(Top View) 


Q12 Q6 Q5 Q7 Q4 Q3 Q2 GND 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

'out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqc and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packagef 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature Range 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


Plastic DIP, SOIC or TSSOP Package 

260 



Ceramic DIP 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP; - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package; - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnOrVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature Range, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 3.0 V 

0 

600 




Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 




DC CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Condition 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 25°C 

<85°C 

<125°C 

V|H 

Minimum High-Level Input Voltage 

Vout = 0.1V or Vqq -0.1V 

2.0 

1.50 

1.50 

1.50 

V 



"out' - 20|iA 

3.0 

2.10 

2.10 

2.10 





4.5 

3.15 

3.15 

3.15 





6.0 

4.20 

4.20 

4.20 


V|L 

Maximum Low-Level Input Voltage 

Vout = 0.1V or Vqq -0.1V 

2.0 

0.50 

0.50 

0.50 

V 



"out' - 20|iA 

3.0 

0.90 

0.90 

0.90 





4.5 

1.35 

1.35 

1.35 





6.0 

1.80 

1.80 

1.80 


VOH 

Minimum High-Level Output 

Vin = ViH or V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

"out' - 20|iA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin=V|HorViL llout'^ 2.4mA 

3.0 

2.48 

2.34 

2.20 




llout' ^ 4.0mA 

4.5 

3.98 

3.84 

3.70 




"out' — 5.2mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

"out' - 20|xA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 
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DC CHARACTERISTICS (Voltages Referenced to GND) 





Vcc 

Guaranteed Limit 


Symbol 

Parameter 

Condition 

V 

-55 to 25°C 

<85°C 

<125°C 

Unit 



Vin = V|H or V|l Houtl ^ 2.4mA 

3.0 

0.26 

0.33 

0.40 




••out* ^ 4.0mA 

4.5 

0.26 

0.33 

0.40 




llouti ^ 5.2mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

4 

40 

160 

pA 


Current (per Package) 

0 
c 

II 

1 







NOTE: Information on typical parametric values can be found in Chapter 2. 


AC CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 




Vcc 

V 

Guaranteed Limit 


Symbol 

Parameter 

-55 to 25°C 

<85°C 

<125°C 

Unit 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

10 

9.0 

8.0 

MHz 


(Figures 1 and 4) 

3.0 

15 

14 

12 




4.5 

30 

28 

25 




6.0 

50 

45 

40 


tPLH. 

Maximum Propagation Delay, Clock to 01* 

2.0 

96 

106 

115 

ns 

tPHL 

(Figures 1 and 4) 

3.0 

63 

71 

88 




4.5 

31 

36 

40 




6.0 

25 

30 

35 


tPHL 

Maximum Propagation Delay, Reset to Any Q 

2.0 

45 

52 

65 

ns 


(Figures 2 and 4) 

3.0 

30 

36 

40 




4.5 

30 

35 

40 




6.0 

26 

32 

35 


tPLH. 

Maximum Propagation Delay, On to Qn+1 

2.0 

69 

80 

90 

ns 

tPHL 

(Figures 3 and 4) 

3.0 

40 

45 

50 




4.5 

17 

21 

28 




6.0 

14 

15 

22 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 4) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

15 

19 


Cin 

Maximum Input Capacitance 

10 

10 

10 

pF 



NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 

* For Ta = 25°C and Cl = 50 pF, typical propagation delay from Clock to other Q outputs may be calculated with the following equations: 
Vcc = 2.0 V: tp = [93.7 + 59.3 (n-1 )] ns Vqc = 4-5 V: tp = [30.25 + 1 4.6 (n-1 )] ns 

Vcc = 3.0 V: tp = [61 .5 + 34.4 (n-1 )] ns Vcc = 3-OV: tp = [24.4 + 1 2 (n-1 )] ns 




Typical @ 25°C, Vcc = 5-0 V 

CPD 

Power Dissipation Capacitance (Per Package)* 

31 


* Used to determine the no-load dynamic power consumption: Pq = Cpc Vcc^f + ICC ^CC’ considerations, see Chapter 2. 
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TIMING REQUIREMENTS (Input tr = tf = 6 ns) 




Vec 

Guaranteed Limit 


Symbol 

Parameter 

V 

-55 to 25°C 

<85°C 

<125°C 

Unit 

tree 

Minimum Recovery Time, Reset Inactive to Clock 

2.0 

30 

40 

50 

ns 


(Figure 2) 

3.0 

20 

25 

30 




4.5 

5 

8 

12 




6.0 

4 

6 

9 


tw 

Minimum Pulse Width, Clock 

2.0 

70 

80 

90 

ns 


(Figure 1) 

3.0 

40 

45 

50 




4.5 

15 

19 

24 




6.0 

13 

16 

20 


tw 

Minimum Pulse Width, Reset 

2.0 

70 

80 

90 

ns 


(Figure 2) 

3.0 

40 

45 

50 




4.5 

15 

19 

24 




6.0 

13 

16 

20 


tr.tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

3.0 

800 

800 

800 




4.5 I 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 


PIN DESCRIPTIONS 


INPUTS 
Clock (Pin 10) 

Negative-edge triggering clock input. A high-to-low tran- 
sition on this input advances the state of the counter. 

Reset (Pin 11) 

Active-high reset. A high level applied to this input asynch- 


ronously resets the counter to its zero state, thus forcing all Q 
outputs low. 

OUTPUTS 

Q1 thru Q12 (Pins 9, 7, 6, 5, 3, 2, 4, 13, 12, 14, 15, 1) 

Active-high outputs. Each Qn output divides the Clock 
input frequency by 2^. 



SWITCHING WAVEFORMS 




Figure 1. 


Figure 2. 
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MC54/74HC4040A 


1 2 4 8 16 32 64 128 256 512 1024 2048 4096 



Figure 6. Timing Diagram 


APPLICATIONS INFORMATION 


Time-Base Generator 

A 60Hz sinewave obtained through a 1 .0 Megohm resistor 
connected directly to a standard 120 Vac power line is 
applied to the input of the MC54/74HC14A, Schmitt-trigger 
inverter. The HC14A squares-up the input waveform and 


feeds the HC4040A. Selecting outputs Q5, Q10, Q11, and 
Q12 causes a reset every 3600 clocks. The HC20 decodes 
the counter outputs, produces a single (narrow) output pulse, 
and resets the binary counter. The resulting output frequency 
is 1.0 pulse/minute. 



Vcc Vcc 



Figure 7. Time-Base Generator 
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Phase- Locked Loop 

High-Performance Silicon-Gate CMOS 



The MC574HC4046A is similar in function to the MC14046 Metal gate 
CMOS device. The device inputs are compatible with standard CMOS 
outputs; with pullup resistors, they are compatible with LSTTL outputs. 

The HC4046A phase-locked loop contains three phase comparators, a 
voltage-controlled oscillator (VCO) and unity gain op-amp DEMoUT The 
comparators have two common signal inputs, COMP|n, and SIG|n- Input 
SIG|n and COMP|[\| can be used directly coupled to large voltage signals, or 
indirectly coupled (with a series capacitor to small voltage signals). The 
self-bias circuit adjusts small voltage signals in the linear region of the 
amplifier. Phase comparator 1 (an exclusive OR gate) provides a digital error 
signal PCI 0 UT ^nd maintains 90 degrees phase shift at the center 
frequency between SIG|fs| and COMP|n signals (both at 50% duty cycle). 
Phase comparator 2 (with leading-edge sensing logic) provides digital error 
signals PC2oUT ^nd PCPoUT ^nd maintains a 0 degree phase shift 
between SIG|n and COMP||\j signals (duty cycle is immaterial). The linear 
VCO produces an output signal VCOquT whose frequency is determined by 
the voltage of input VCO in signal and the capacitor and resistors connected 
to pins C1 A, C1 B, R1 and R2. The unity gain op-amp output DEMoUT with 
an external resistor is used where the VCO in signal is needed but no loading 
can be tolerated. The inhibit input, when high, disables the VCO and all 
op-amps to minimize standby power consumption. 

Applications include FM and FSK modulation and demodulation, frequen- 
cy synthesis and multiplication, frequency discrimination, tone decoding, 
data synchronization and conditioning, voltage-to-frequency conversion 
and motor speed control. 

• Output Drive Capability: 10 LSTTL Loads 

• Low Power Consumption Characteristic of CMOS Devices 

• Operating Speeds Similar to LSTTL 

• Wide Operating Voltage Range: 3.0 to 6.0 V 

• Low Input Current: 1 .0 |iA Maximum (except SIG|n and COMP|n) 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Low Quiescent Current: 80 pA Maximum (VCO disabled) 

• High Noise Immunity Characteristic of CMOS Devices 

• Diode Protection on all Inputs 

• Chip Complexity: 279 FETs or 70 Equivalent Gates 


MC74HC4046A 



N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 



D SUFFIX 

SOIC PACKAGE 
CASE 751B-05 


ORDERING INFORMATION 

MC74HCXXXXAN Plastic 
MC74HCXXXXAD SOIC 


PIN ASSIGNMENT 

PCPout C 

1 • 

16 

^ Vcc 

PCIout [ 

2 

15 

] PC3out 

COMPjn [ 

3 

14 

] SIGin 

VCOout t 

4 

13 

] PC2oLit 

INH [ 

5 

12 

] R2 

C1A [ 

6 

11 

] R1 

C1B [ 

7 

10 

] DEMout 

GND [ 

8 

9 

] VCOin 


Pin No. 

Symbol 

Name and Function 

1 

PCPout 

Phase Comparator Pulse Output 

2 

PCI OUT 

Phase Comparator 1 Output 

3 

COMPin 

Comparator Input 

4 

VCOout 

VCO Output 

5 

INH 

Inhibit Input 

6 

CIA 

Capacitor C1 Connection A 

7 

C1B 

Capacitor Cl Connection B 

8 

GND 

Ground (0 V) Vss 

9 

VCOiN 

VCO Input 

10 

DEMout 

Demodulator Output 

11 

R1 

Resistor R1 Connection 

12 

R2 

Resistor R2 Connection 

13 

PC20UT 

Phase Comparator 2 Output 

14 

SIGin 

Signal Input 

15 

PC30UT 

Phase Comparator 3 Output 

16 

Vcc 

Positive Supply Voltage 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vcc + ■• -5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqc and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packagef 

750 

500 

mW 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
Plastic DIP and SOIC Packagef 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vj^ and 
VoLit should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

3.0 

6.0 

V 

Vcc 

DC Supply Voltage (Referenced to GND) NON-VCO 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Pin 5) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 




[Phase Comparator Section] 

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

Volts 

25°C 

<85°C 

<125°C 

Unit 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage DC Coupled 

••out! - 20 |iA 

4.5 

3.15 

3.15 

3.15 



SIG|n, COMP|n 


6.0 

4.2 

4.2 

4.2 


VlL 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage DC Coupled 

••out^ - 20 pA 

4.5 

1.35 

1.35 

1.35 



SIG|n, COMP|n 


6.0 

1.8 

1.8 

1.8 


VOH 

Minimum High-Level 

Vin = ViH orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Output Voltage 

••out^ - 20 |xA 

4.5 

4.4 

4.4 

4.4 



PCPquT PCnoUT 


6.0 

5.9 

5.9 

5.9 




Vin = V|H orV|L 
llouti ^4.0 mA 

4.5 

3.98 

3.84 

3.7 




••out^ — 6-2 mA 

6.0 

5.48 

5.34 

5.2 



(continued) 
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[Phase Comparator Section] 

DC ELECTRICAL CHARACTERISTICS - continued (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

- 55 to 




Symbol 

Parameter 

Test Conditions 

Volts 

25°C 

<85°C 

<125°C 

Unit 

VOL 

Maximum Low-Level 

Vout = 0.1 VorVcc-0.1 V 

2.0 

0.1 

0.1 

0.1 

V 


Output Voltage Qa-Qh 

llouti - 20 pA 

4.5 

0.1 

0.1 

0.1 



PCPoUT- PCnouT 


6.0 

0.1 

0.1 

0.1 




Vin = V|H orV|L 
llouti ^4.0 mA 

4.5 

0.26 

0.33 

0.4 




llouti ^5.2 mA 

6.0 

0.26 

0.33 

0.4 


•in 

Maximum Input Leakage Current 

Vin = Vq 0 or GND 

2.0 

±3.0 

±4.0 

±5.0 

pA 


SIG||\j, COMP|n 


3.0 

±7.0 

±9.0 

±11.0 





4.5 

±18.0 

±23.0 

±27.0 





6.0 

±30.0 

±38.0 

±45.0 


loz 

Maximum Three-State 

Output in High-Impedance State 

6.0 

±0.5 

±5.0 

±10 

pA 


Leakage Current 

Vin = V|Hor Vil 







PC20UT 

Vout = Vcc O'” GND 






icc 

Maximum Quiescent Supply 

Vin = VcC or GND 

6.0 

4.0 

40 

160 

pA 


Current (per Package) 

(VCO disabled) 

Pins 3, 5 and 14 at Vqq 

Pin 9 at GND; Input Leakage at 
Pins 3 and 14 to be excluded 








NOTE: Information on typical parametric values can be found in Chapter 2. 


[Phase Comparator Section] 

AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6.0 ns) 


Symbol 

Parameter 

Vcc 

Volts 

Guaranteed Limit 

Unit 

-55 to 25° C 

<85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, SIG|n/COMPin to PCIquT 

2.0 

175 

220 

265 

ns 

tpHL 

(Figure 1) 

4.5 

35 

44 

53 ■ 




6.0 

30 

37 

45 


tPLH. 

Maximum Propagation Delay, SIGin/COMP|n to PCPquT 

2.0 

340 

425 

510 

ns 

tPHL 

(Figure 1) 

4.5 

68 

85 

102 




6.0 

58 

72 

87 


tPLH. 

Maximum Propagation Delay, SIGin/COMPin to PC3oUT 

2.0 

270 

340 

405 

ns 

tPHL 

(Figure 1) 

4.5 

54 

68 

81 




6.0 

46 

58 

69 


tPLZ. 

Maximum Propagation Delay, SIG|n/COMP|n Output 

2.0 

200 

250 

300 

ns 

tPHZ 

Disable Time to PC2ouT (Figures 2 and 3) 

4.5 

40 

50 

60 




6.0, 

34 

43 

51 


tpZH. 

Maximum Propagation Delay, SIG|n/COMP|n Output 

2.0 

230 

290 

345 

ns 

tpZL 

Enable Time to PC2ouT (Figures 2 and 3) 

4.5 

46 

58 

69 




6.0 

39 

49 

59 


tTLH. 

Maximum Output Transition Time 

2.0 

75 

95 

110 

ns 

tTHL 

(Figure 1) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 
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[VCO Section] 

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 






Symbol 

Parameter 

Test Conditions 

Volts 

25 

°C 

<85°C 

<125°C 

Unit 

V|H 

Minimum High-Level 

Vout = 0.1 VorVcc-0.1 V 

3.0 

2.1 

2.1 

2.1 

V 


Input Voltage 

liouti - 20 jiA 

4.5 

3.15 

3.15 

3.15 



INH 


6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level 

Vout = 0.1 VorVcc-0.1 V 

3.0 

0.90 

0.9 

0.9 

V 


Input Voltage 

liout^ - 20 pA 

4.5 

1.35 

1.35 

1.35 



INH 


6.0 

1.8 

1.8 

1.8 


VOH 

Minimum High-Level 

Vin = ViHorV|L 

3.0 

1.9 

1.9 

1.9 

V 


Output Voltage 

llout^ - 20 pA 

4.5 

4.4 

4.4 

4.4 



VCOouT 


6.0 

5.9 

5.9 

5.9 




Vin = V|HorV|L 











llout^ — ^'0 mA 

4.5 

3.98 

3.84 

3.7 




llouti ^ 5.2 mA 

6.0 

5.48 

5.34 

5.2 


VOL 

Maximum Low-Level 

Vout = 0.1 VorVcc-0.1 V 

3.0 

0.1 

0.1 

0.1 

V 


Output Voltage 

l^outl - 20 pA 

4.5 

0.1 

0.1 

0.1 



VCOoUT 


6.0 

0.1 

0.1 

0.1 




Vin = V|HorViL 











llouti ^4.0 mA 

4.5 

0.26 

0.33 

0.4 




llouti — 5-2 mA 

6.0 

0.26 

0.33 

0.4 


lin 

Maximum Input 

Vin = Vqq or GND 

6.0 

0.1 

1.0 

1.0 

pA 


Leakage Current 

INH, VCOiN 














Min 

Max 

Min 

Max 

Min 

Max 


VvCOiN 

Operating Voltage Range at 

INH = V|l 

3.0 

0.1 

1.0 

0.1 

1.0 

0.1 

1.0 

V 

VCO|N over the range 


4.5 

0.1 

2.5 

0.1 

2.5 

0.1 

2.5 



specified for R1 ; For linearity 
see Fig. 15A, Parallel value of 

R1 and R2 should be > 2.7 kQ 


6.0 

0.1 

4.0 

0.1 

4.0 

0.1 

4.0 


R1 

Resistor Range 


3.0 

3.0 

300 

3.0 

300 

3.0 

300 

kQ 




4.5 

3.0 

300 

3.0 

300 

3.0 

300 





6.0 

3.0 

300 

3.0 

300 

3.0 

300 


R2 



3.0 

3.0 

300 

3.0 

300 

3.0 

300 





4.5 

3.0 

300 

3.0 

300 

3.0 

300 





6.0 

3.0 

300 

3.0 

300 

3.0 

300 


Cl 

Capacitor Range 


3.0 

40 

No 





PF 




4.5 

40 

Limit 









6.0 

40 
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[VCO Section] 

AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tf = tf = 6.0 ns) 


Symbol 

Parameter 

Vcc 

Volts 

Guaranteed Limit 

Unit 

-55 to 25°C 

<85°C 

<125°C 

Min 

Max 

Min 

Max 

||^J[ 

Max 

Af/T 

Frequency Stability with 



mi 


MM 



%/K 


Temperature Changes 










(Figure 13A, B, C) 


■ 

■ 

H 

H 

■ 

■ 


fo 

VCO Center Frequency 


3 






MHz 


(Duty Factor = 50%) 


11 








(Figure 14A, B, C, D) 

6.0 

13 

■ 

■ 

■ 

■ 

■ 


AfVCO 

VCO Frequency Linearity 

3.0 


See Figures 15A, B, C 


% 



4.5 










6.0 








a VCO 

Duty Factor at VCOoUT 

3.0 



Typical 50% 



% 



4.5 










6.0 









[Demodulator Section] 

DC ELECTRICAL CHARACTERISTICS 






Guaranteed Limit 







<85°C 



Symboi 

Parameter 

Test Conditions 




Min 

Max 


Max 

Unit 

RS 

Resistor Range 

At RS > 300 kQ the 

3.0 

50 

300 


im 


im 

kQ 



Leakage Current can 

4.5 

50 

300 








Influence VDEMouT 

6.0 

50 

300 

■ 

■ 

■ 

■ 


VOFF 

Offset Voltage 

Vi = VVCOiN = 1/2 Vcc; 

3.0 



See Figure 12 



mV 


VCOjN to VDEMquT 

Values taken over RS 

4.5 










Range. 

6.0 








RD 

Dynamic Output 

vdemout=i/2Vcc 

3.0 



Typical 25 Q 



Q 


Resistance at DEMoUT 


4.5 











6.0 
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SWITCHING WAVEFORMS 

Vcc 

GND 

Vcc 

GND 

Vqh 

HIGH 

IMPEDANCE 

Figure 1. Figure 2. 



Figure 3. Figure 4. Test Circuit 
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DETAILED CIRCUIT DESCRIPTION 

Voltage Controlled Oscillator/Demodulator Output 

The VCO requires two or three external components to op- 
erate. These are R1, R2, C1. Resistor R1 and Capacitor C1 
are selected to determine the center frequency of the VCO 
(see typical performance curves Figure 14). R2 can be used 
to set the offset frequency with 0 volts at VCO input. For ex- 
ample, if R2 is decreased, the offset frequency is increased. 
If R2 is omitted the VCO range is from 0 Hz. The effect of R2 
is shown in Figure 24, typical performance curves. By in- 
creasing the value of R2 the lock range of the PLL is in- 
creased and the gain (volts/Hz) is decreased. Thus, for a 
narrow lock range, large swings on the VCO input will cause 
less frequency variation. 

Internally, the resistors set a current in a current mirror, as 
shown in Figure 5. The mirrored current drives one side of 


the capacitor. Once the voltage across the capacitor charges 
up to Vref of the comparators, the oscillator logic flips the ca- 
pacitor which causes the mirror to charge the opposite side 
of the capacitor. The output from the internal logic is then tak- 
en to VCO output (Pin 4). 

The input to the VCO is a very high impedance CMOS in- 
put and thus will not load down the loop filter, easing the fil- 
ters design. In order to make signals at the VCO input 
accessible without degrading the loop performance, the VCO 
input voltage is buffered through a unity gain Op-amp to De- 
mod Output. This Op-amp can drive loads of 50K ohms or 
more and provides no loading effects to the VCO input volt- 
age (see Figure 12). 

An inhibit input is provided to allow disabling of the VCO 
and all Op-amps (see Figure 5). This is useful if the internal 
VCO is not being used. A logic high on inhibit disables the 
VCO and all Op-amps, minimizing standby power consump- 
tion. 
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The output of the VCO is a standard high speed CMOS 
output with an equivalent LS-TTL fan out of 10. The VCO 
output is approximately a square wave. This output can ei- 
ther directly feed the COMP|n of the phase comparators or 
feed external prescalers (counters) to enable frequency syn- 
thesis. 

Phase Comparators 

All three phase comparators have two inputs, SIG|n and 


COMPin- The SIG|n and COMPin have a special DC bias 
network that enables AC coupling of input signals. If the sig- 
nals are not AC coupled, standard 54HC/74HC input levels 
are required. Both input structures are shown in Figure 6. 
The outputs of these comparators are essentially standard 
54HC/74HC outputs (comparator 2 is TRI-STATEABLE). In 
normal operation Vqc ^^d ground voltage levels are fed to 
the loop filter. This differs from some phase detectors which 
supply a current to the loop filter and should be considered in 
the design. (The MCI 4046 also provides a voltage). 




Phase Comparator 1 

This comparator is a simple XOR gate similar to the 
54/74HC86. Its operation is similar to an overdriven bal- 
anced modulator. To maximize lock range the input frequen- 
cies must have a 50% duty cycle. Typical input and output 
waveforms are shown in Figure 7. The output of the phase 
detector feeds the loop filter which averages the output volt- 
age. The frequency range upon which the PLL will lock onto 
if initially out of lock is defined as the capture range. The cap- 
ture range for phase detector 1 is dependent on the loop filter 
design. The capture range can be as large as the lock range, 
which is equal to the VCO frequency range. 

To see how the detector operates, refer to Figure 7. When 
two square wave signals are applied to this comparator, an 
output waveform (whose duty cycle is dependent on the 
phase difference between the two signals) results. As the 
phase difference increases, the output duty cycle increases 
and the voltage after the loop filter increases. In order to 
achieve lock when the PLL input frequency increases, the 


VCO input voltage must increase and the phase difference 
between COMPin and SIG|n will increase. At an input fre- 
quency equal to fmjn, the VCO input is at 0 V. This requires 
the phase detector output to be grounded; hence, the two in- 
put signals must be in phase. When the input frequency is 
fmax. the VCO input must be Vqq and the phase detector in- 
puts must be 1 80 degrees out of phase. 


SIG|n- 

COMPin- 

PCtoUT 

VCO|N 


^ ^ ^ L 

j~L_r“L_rT_r^ 


vcc 

GND 


Figure 7. Typical Waveforms for PLL Using 
Phase Comparator 1 
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The XOR is more susceptible to locking onto harmonics of 
the SIG|n than the digital phase detector 2. For instance, a 
signal 2 times the VCO frequency results in the same output 
duty cycle as a signal equal to the VCO frequency. The differ- 
ence is that the output frequency of the 2f example is twice 
that of the other example. The loop filter and VCO range 
should be designed to prevent locking on to harmonics. 

Phase Comparator 2 


Phase comparator 2 is more susceptible to noise, causing 
the PLL to unlock. If a noise pulse is seen on the SIG|n, the 
comparator treats it as another positive edge of the SIG|n 
and will cause the output to go high until the VCO leading 
edge is seen, potentially for an entire SIG|n period. This 
would cause the VCO to speed up during that time. When us- 
ing PC-] , the output of that phase detector would be disturbed 
for only the short duration of the noise spike and would cause 
less upset. 



This detector is a digital memory network. It consists of 
four flip-flops and some gating logic, a three state output and 
a phase pulse output as shown in Figure 6. This comparator 
acts only on the positive edges of the input signals and is in- 
dependent of duty cycle. 

Phase comparator 2 operates in such a way as to force the 
PLL into lock with 0 phase difference between the VCO out- 
put and the signal input positive waveform edges. Figure 8 
shows some typical loop waveforms. First assume that SIG|n 
is leading the COMPin. This means that the VCO’s frequen- 
cy must be increased to bring its leading edge into proper 
phase alignment. Thus the phase detector 2 output is set 
high. This will cause the loop filter to charge up the VCO in- 
put, increasing the VCO frequency. Once the leading edge of 
the COMPin is detected, the output goes TRI-STATE hold- 
ing the VCO input at the loop filter voltage. If the VCO still 
lags the SIG|n then the phase detector will again charge up 
the VCO input for the time between the leading edges of both 
waveforms. 

If the VCO leads the SIG|n then when the leading edge of 
the VCO is seen; the output of the phase comparator goes 
low. This discharges the loop filter until the leading edge of 
the SIG|n is detected at which time the output disables itself 
again. This has the effect of slowing down the VCO to again 
make the rising edges of both waveforms coincidental. 

When the PLL is out of lock, the VCO will be running either 
slower or faster than the SIGin- If it is running slower the 
phase detector will see more SIG|n rising edges and so the 
output of the phase comparator will be high a majority of the 
time, raising the VCO’s frequency. Conversely, if the VCO is 
running faster than the SIG|n, the output of the detector will 
be low most of the time and the VCO’s output frequency will 
be decreased. 

As one can see, when the PLL is locked, the output of 
phase comparator 2 will be disabled except for minor correc- 
tions at the leading edge of the waveforms. When PC2 is 
TRI-STATED, the PCP output is high. This output can be 
used to determine when the PLL Is In the locked condition. 

This detector has several interesting characteristics. Over 
the entire VCO frequency range there is no phase difference 
between the COMP|n and the SIG|N- The lock range of the 
PLL is the same as the capture range. Minimal power was 
consumed in the loop filter since in lock the detector output is 
a high impedance. When no SIG|n is present, the detector 
will see only VCO leading edges, so the comparator output 
will stay low, forcing the VCO to fmjn- 


Phase Comparator 3 

This is a positive edge-triggered sequential phase detec- 
tor using an RS flip-flop as shown in Figure 6. When the PLL 
is using this comparator, the loop is controlled by positive sig- 
nal transitions and the duty factors of SIG|n and COMPin 
are not important. It has some similar characteristics to the 
edge sensitive comparator. To see how this detector works, 
assume input pulses are applied to the SIG in and COMPin’s 
as shown in Figure 9. When the SIG|n leads the COMPin, 
the flop is set. This will charge the loop filter and cause the 
VCO to speed up, bringing the comparator into phase with 
the SIGin- The phase angle between SIG|n and COMPin va- 
ries from 0° to 360° and is 180° at fo- The voltage swing for 
PC3 is greater than for PC2 but consequently has more ripple 
in the signal to the VCO. When no SIG in is present the VCO 
will be forced to fmax as opposed to fmin when PC2 is used. 

The operating characteristics of all three phase compara- 
tors should be compared to the requirements of the system 
design and the appropriate one should be used. 



COMPjfsj 

PC20UT 



VCO|N— ^ 
PCPOUT ”U 


U 


Figure 8. Typical Waveforms for PLL Using 
Phase Comparator 2 


SIG|im 


COMPin— 


PC30UT 

VCOiN 



• vcc 

. GND 


Figure 9. Typical Waveform for PLL Using 
Phase Comparator 3 
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FREQUENCY STABILITY (%) 



Figure 12. Offset Voltage at Demodulator Output as 
a Function of VCO|n and Rs 


AMBIENT TEMPERATURE (°C) 

Figure 13A. Frequency Stability versus Ambient 
Temperature: Vcc = 3-0 V 



AMBIENT TEMPERATURE (°C) 



Figure 13B. Frequency Stability versus Ambient 
Temperature: Vqc = 4-5 V 


Figure 13C. Frequency Stability versus Ambient 
Temperature: Vcc = 6.0 V 













VVCOIN (V) 

Figure 14A. VCO Frequency (fvco) a Function 
of the VCO Input Voltage (VvcOIN) 


m =3.0 kQ 
C1 =0.1 


VVCOIN (V) 

Figure 14B. VCO Frequency (fyco) as a Function 
of the VCO Input Voltage (VvcOIN) 


VCC = 4.5V 


VCC = 6.0VJ 


VCC = 3.0V 


Vcc = 6.0V_ 


Vcc = 4.5V- 


VCC = 3.0V4 


R1 = 300 ka 
Cl = 39 pF 


R1 = 300 kQ 
Cl =0.1 ^iF 


VVCOIN (V) 

VVCOIN (V) 

Figure 14C. VCO Frequency (fvco) as a Function 
of the VCO Input Voltage (VycOIN) 

Figure 14D. VCO Frequency (fvco) as a Function 
of the VCO Input Voltage (VvcOIN) 




mBrnsm 




HI (kQ) 

AV = 0.5 V OVER THE Vcc RANGE: 

FOR VCO LINEARITY 


f0' = (fl+f2)/2 


LINEARITY = (fo'-fo)/fo')x100% 

Figure 15A. Frequency Linearity versus 

R1,C1 and Vcc 

Figure 15B. Definition of VCO Frequency Linearity 

































MC74HC4046A 


APPLICATION INFORMATION 

The following information is a guide for approximate values of R1, R2, and C1. Figures 19, 20, and 21 should be used as 
references as indicated below, also the values of R1 , R2, and C1 should not violate the Maximum values indicated in the DC 
ELECTRICAL CHARACTERISTICS tables. 


Phase Comparator 1 

Phase Comparator 2 

Phase Comparator 3 

R2 = 

R2 00 

R2 = °° 

R2 ^ 

R2 = oo 

R2 ^ °o 

• Given fO 

• Use fO with Figure 

19 to determine 

R1 and Cl. 

(see Figure 23 for 
characteristics of 
the VCO operation) 

• Given fO and fL 

• Calculate frpjn 

fmin = fO-fL 

• Determine values 
of C1 and R2 from 
Figure 20. 

• Determine R1-C1 
from Figure 21. 

• Calculate value of 

R1 from the value 
of Cl and the 
product of R1C1 
from Figure 21 . 

(see Figure 24 for 

characteristics of the 

VCO operation) 

• Given f^ax fO 

• Determine the 
value of R1 and 

Cl using Figure 19 
and use Figure 21 
to obtain 2fL and 
then use this to 
calculate fmjn. 

• Given fO and fL 

• Calculate fmin 
fmin = f0“fL 

• Determine values 
of Cl and R2 from 
Figure 20. 

• Determine R1-C1 
from Figure 21 . 

• Calculate value of 

R1 from the value 
of Cl and the 
product of R1C1 
from Figure 21 . 

(see Figure 24 for 

characteristics of the 

VCO operation) 

• Given fmax fO 

• Determine the 
value of R1 and 

Cl using Figure 19 
and Figure 21 to 
obtain 2fL and 
then use this to 
calculate fmjn. 

• Given fO and fL 

• Calculate fmin: 

^min = fO-fL 

• Determine values 
of Cl and R2 from 
Figure 20. 

• Determine R1-C1 
from Figure 21. 

• Calculate value of 

R1 from the value 
of Cl and the 
product of R1C1 
from Figure 21. 

(see Figure 24 for 

characteristics of the 

VCO operation) 
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Configuring and Applying the 
MC54/74HC4046A Phase-Locked Loop 

A versatile device for 0.1 to 16MHz frequency synchronization 


The MC54/74HC4046A (hereafter designated HC4046A) 
phase-locked loop contains three phase comparators, a volt- 
age-controlled oscillator (VCO) and an output amplifier. The 
user of this document should have a copy of the HC4046A 
data sheet in Motorola Data Book DL129 available for details 
of device operation and operating specifications. The user 
should also be aware that the following information is useful 


for approximating a design but, because of process, layout 
and other variables, there can be substantial deviation 
between theory and actual results. Therefore, it Is highly rec- 
ommended that prototypes be built and checked before 
committing a design to production. 

Typical applications for the HC4046A usually involve a con- 
figuration such as shown in Figure 1 . 



Figure 1. Typical Phase-Locked Loop 


VCO/OUTPUT FREQUENCY 

The output frequency, Fq, is calculated as a function of the 
Ref Osc input and the feedback counter; 


Fq = Ref Osc * N 


(1) 


The ability of the loop to emulate the above formula makes it 
ideal for multiplying an input frequency by any number up to 
the maximum of the VCO. The HC4046A VCO frequency is 
controlled by the equation: 


VCO freq = f(l * C) 


(2) 


where I is controlled by the external resistors R-| and R 2 and C 
by external capacitor Cext • 

Frequency of oscillation is calculated by starting with the 
familiar equation: 


l = c^ 
‘ "^dt 


(3) 


and reworking it to obtain a formula that incorporates all the 
detail to fit the HC4046A. First, the charge time of the device 
for half-cycle time is obtained as follows: 


dt = dV^ and Fq 


J_ 

2dt 


There are two components that comprise the I charge for 
theHC4046AVCO, li andl2. h is the current that sets the fre- 
quency associated with the VCO input and is a function of R-| , 
VCOjn, and an internal current mirror that is ratioed at 120/5 = 
24, resulting in the equation: 




(5) 


I 2 is set by R 2 and adds a constant current to limit the Fq min of 
the VCO and is a function of Vd^, R 2 , and an internal current 
mirror of ratio 23/5, resulting in the equation: 




( 6 ) 


The dV of Equation ( 4 ) is determined by design to be = 1/3 
Vdd- Substituting this and I = I -j -h I 2 into Equation ( 4 ) results in: 


Fo 





2Cext^ 

VCO,n 

Rl 

(24) + (w)(4-®) 


2Cext^ 

2^(24) + ^(4.6) 


(7) 


or, Fo = 


1 

2CdV 

I 


I 


2CdV 

where I and dV must be obtained for the HC4046A. 


It was found by experiment that when the Cext potential 
( 4 ) reachesthreshold(atVdd/3), the inversion of the charging volt- 

age of Cext 's forced below ground due to charge coupling. 
Therefore, the dV is not just Vdd/3 as expected and the charg- 
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ing time must start at a point below ground which affects t and 
thus, Fq. a undershoot voltage must be added to the equation 
for better accuracy in calculating t and Fq. This modifies Equa- 
tion ( 7 ) as follows: 


Fo = 


^^( 24 ) + ^( 4 . 6 ) 


_Ri_ 


2Cext (Vdd -f- 3 * undershoot) 


3VCOin(iconstant ratio) , 

= Rj 52 (8) 

2Cext (Vdd + 3 * undershoot) 

Equation ( 8 ) now contains all the factors to calculate a Fq for 
the HC4046A VCO. 

It was determined by experiment that the undershoot of the 
charging waveform is a function of Cext ^ncl an on-chip para- 
sitic diode that clamps it at a maximum of -0.7V. The size of 
the Cext capacitor limits the voltage and was found to be near 
zerovoltsforCstray=='>TpF<Cext^30pF;thevoltageincreases 
at 6 mV/pF for a 30pF < Cext ^ 1 50pF range of Cext- The on- 
chip diode then takes over and limits the voltage to -0.7V. 


for Cext ^ OOOpF, adding Cstray to the Cext fixed capacitance 
will result in better accuracy. 

The gain of a VCO is calculated by knowing f^ax of VCOjn 
max and fmin at VCOjnmin and calculating the following equa- 
tion: 


VCO gain = ! . Cnax z J min O) 

VCOjn max - VCOjn min 

= Afreq/volt 

The gain of the VCO is needed to calculate a suitable loop filter 
for a PLL system. 

Fq is determined by VCOjn and is clamped as a function of a 
% of Vdd. The clamp voltage generally follows the slope of 
4%/V for Vdd changes from 3.5V < Vdd ^ starting at 56% at 
Vdd = 3-5V and going to 66% at Vdd = 6V. Knowing this limit 
point allows picking a VCOjn c^ax point a few hundred mV 
below it and keeps Fq in the linear range of operation. It also 
best to pick a VCOjn Pcint at a level of a few hundred mV 
above OV for the same reason given above. 



It was alsofoundthatthe Iconstant ratio is afunction of R-| and 
increases as R-j becomes larger. The change Is attributed to 
saturation of the current mirror at lower value resistances, and 
to voltage divider problems at higher value resistances com- 
bined with the resistance of the small FET in the current mirror. 
Experimental data shows that Iconstant ratio follows Table 1 
somewhat. The ratio goes to 25 somewhere between 9.1 
and 51 Kt2, and for those limits, 25 should give reasonable 
results. In addition, these numbers seem to hold for a range of 
Vdd of 3.0V < Vdd ^ 6V. 


As an example, for a Cext =1f00pF, Rl =9.1K, R2 = '«, Vdd 
=5.0V, and VCOjn = 0.25V, VCOjn can be determined 

and a gain calculated as follows. VCOjn I'oiif = (4%A/)(1 .5V) + 
56% = (62%)(Vdd ) = 3.1V. So, for sake of linearity, choose 
VCOjn = 2.5V. Using Equation ( 8 ), VCOjn and VCOjn o^ax 
can be used to calculate Fq min and Fq max as follows: 


Fq min 


(3)(0.25)(21.5) 

MK 

2(100*1 0-1 2)(5 + 2.1) 


113.4KHZ 


Table 1 . Iconstant ratio versus R*| 


Rl (KQ) 

Iconstant ratio 

3.0 

13.5 

5.1 

17.5 

9.1 

21.5 

12 

23.0 

15 

24.0 

30 

26.5 

40 

27.0 

51 

28.5 

110 

29.0 

300 

31.0 


The VCO calculation [Equation ( 8 )] becomes a bit more 
accurate by adjusting the VCOjn and Iconstant ratio- For exam- 
ple, with R-j = 300K, R2 = Cext — 0.1 pF, VCOjn = 1 .OV, Vdd ” 
4.5V, and Iconstant ratio = 31 , Equation ( 8 ) yields: 

(3)(1)(31) 

p _ 300K 

^ 2(0.1 *10-6)(4.5 -f- 2.1) 

= 235Hz 

For comparison, from Chart 14D in the HC4046A data sheet, 
the Fq based on measurements is approximately 270 Hz. 
Thus, the calculated and measured values are not too far 
apart taking into consideration such variables as process vari- 
ation, temperature, and breadboard Inaccuracies. The Cstray 
of a PCB layout will affect results if the Cext 's not > Cstray- So 


Fq max = 


(3)(2.5)(21.5) 

9JK 

2(1 00 * 1 0 - 1 2)(5 + 2.1) 


1.3MHz 


Then, using Equation ( 9 ), the VCO gain is: 

VCO gain = - " 528.9KHz/V 

This gain factor will be known as Kyco In the loop filter equa- 
tions. 

R2 is used in applications where a minimum output fre- 
quency is desired when VCOjn Is OV. It is calculated at VCOjn = 
OV causing Equation ( 8 ) to become: 


P ^ 9.2 (Vdd) 

° 2C (R2) (Vdd -I- 3 * undershoot) 

The additional I2 current is a constant that adds to total charge 
current for Cext ^nd increases the VCOjn versus Fq curve by a 
theoretical constant amount. In reality, the amount of increase 
actually decreases at a slight rate as VCOjn increases. The 
decrease is slight and the use of Equation ( 8 ) will give ade- 
quate accuracy for most applications. 

The Fmax of fh© HC4046A VCO was determined to be about 
16MHz. Beyond 16MHz, the output logic swing tends to 
reduce and is therefore somewhat useless for driving a CMOS 
input. The VCO will operate at == 28MHz but the output has a 
VoL== 2.0V and a VoH= 4.5V at Vqd = 5.0V. 
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The following table was generated to make calculation of R-j 
and Cext a function of Fq with Vdd = 5V, VCOjn = 1 V, and room 
temperature. Use of the table allows a rough estimate of 
(R-j )(Cext) foi' a given Fq. The final values can be adjusted by 
use of Equation ( 8 ), Table 1 for Iconstant ratio, rules for under- 
shoot voltage, Vdd variations,, and VCOjn variations. The 
example below shows a typical calculation. 


Table 2. (Ri)(Cext) versus Fq 


Rl (Q) 

Cext (PF) 

(Rl)(Cext) 

3.0K<Ri <9.0K 

0 ^ C0)(t — 30 

5.40/Fo 

30 < Cext ^150 

4.15/Fo 


150 < Cext 

3.80/Fo 

9.1K<Ri <50K 

9 - Cext - 90 

7.50/Fo 


30 < Cext ^ 150 

5.77/Fo 


1 50 < Cext - °° 

5.28/Fo 

50K < R-i < 900K 

0 ^ Cext - 90 

9.00/Fo 


30 < Cext ^150 

6.92/Fo 


1 50 < Cext - °° 

6.34/Fo 


Assume a desired value of Fq of 1MHz. From Table 2, 
choose an R-j range of 9.1 K < R-j < 50K and a Cext range of > 
150pF; this condition leads to (Ri)(Cext) = 5.28/Fo. Thus, 


(R1) (Cext) =:fTf^ = 5-28*10-6 

Now choose a Cext 200pF. Then, from above result. 


Rl 


5.28*10-6 ^ 
200 * 10-12 


This appears reasonable and there are standard values for 
Cext = 200pF and R-j = 27K. Using these values. Equation ( 8 ) 
can be adjusted according to the desired Fq min, Fq max, and 
Fq center. 


LOW PASS FILTER DESIGN 


Ri 

0(jet Charge Pump Output > WV • VCOjn 

I R 2 

Ci 

Figure 3. Simple Low Pass Filter B 

The equations for calculating loop natural frequency (wp) 
and damping factor (d) are as follows: 

For Filter A (Figure 2): 

wn= /l^J^ygO 
V NCiRi 

^ ^ O.Swn 
KqKvcO 


where K 0 = phase detector gain, KvcO = VCO gain, and N = 
divide counter. 

For Filter B (Figure 3): 


wn 


/ 


KqKvcO 
NCi(Ri + R2) 


d = 0.5wn(R2Cl 


N 


K 0 KVCO' 


( 10 ) 



Figure 4 shows an active filter using an op amp from Applica- 
tion Note AN535/D. 


Rl Ci 

|— vwHf — I 


0det Charge 
Pump Output 



VCOjn 


The design of low pass filters is well known and the intent 
here is to simply show some typical examples. Reference 
should be made to the HC4046A Data Sheet and to Motorola 
Application Note AN535/D — “Phase-Locked Loop Funda- 
mentals” (available through Motorola Literature Distribution). 

Some simple types of low pass filters are shown In Figure 2 
and Figure 3. 

Ri 

0det Charge Pump Output WV # VCOjn 

qp Ci 

Figure 2. Simple Low Pass Filter A 


Figure 4. Op Amp Filter 

For Figure 4, the equations become: 

. _ K 0 KVCOR 2 (12) 

2 wnNRi 

= ^D^1 ^ yyhere Qp Amp gain is large 

From the above equations, it is possible to design a suitable 
filter to meet the needs of many PLL applications. The inclu- 
sion of R 2 in the equations for Figure 3 and Figure 4 permits 
the capability to change Wp and d separately while Figure 2 
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equations do not. Normally, a design is easier if Wn and d can 
be chosen independently. Both factors affect the loop acquisi- 
tion time and stability. A good starting value for d is 0.707 and 
Fref/10for Wn- 


Recalling that the clamp voltage % at Vdd = 5V is about 62, 
then Fmax VCOjn limit = (0.62)(5) = 3. 1 V, but as described ear- 
lier, this needs to be reduced by a factor to bring it into linearity 
(= 350mV) so the final F^ax VCOjn limit = 2.75V. 


Manipulation of the equations allows calculation of R-\ , R 2 , 
and C-| from the other measured, calculated, or picked param- 
eters. For example. 


Rl + R 2 = 


KqKvco 

NC-iWn^ 


(13) 


RP = - 2d N 

2 Ciwn C1(K0KVCO) 


(14) 


Cl 


KqKvcO 
Nwn2(R'| + R2) 


, or alternatively, 


Q. = _2d N 

R2Wn R2(K0 KvcO) 

Usually, Ci , Wp, and d are picked and the remaining param- 
eters calculated. 


DESIGN EXAMPLE 


For the Fmin VCOjn limit pick 0.25V. This results in a center 
frequency VCOjn of- 

Center freq VCOin = - 0.25 ^ ^ gSV 

From Table 2, for picked values of 9.1K<Ri<50K and 
30<Cext ^150, obtain an estimate for (Ri)(Cext) of 5.77/Fo. 
Thus, at the Fq center frequency, 

(Rl)(Cext)=:f;f^J^ = 5.245 *10-6 

Now, a reasonable starting point is established for setting the 
values of the loop filter and the VCO range. Choosing Ri = 
9.1 K, Cext becomes 

Cext = = 576pF WHOOPS! 

y.i i\ 

This value, 576pF, is outside of the original picked range for 
Cexti therefore, we need to go back and pick a larger value of 
Rl, e.g., 42K should be sufficient. Then Cext becomes 


The goal is to design a phase-locked loop that has an Fref of 



Figure 5. Parametized PLL 


Cext = §^?^;^=125pF 

and now both R-j and Cext ore within selected ranges. 

Now calculate F^ax ond Fmin using Equation ( 8 ) with R-j = 
42k^2, R 2 =oo, Vcicl=5.0V, Iconstant ratio =27 (from Table 1 . and 
Rl = 42k^2), Vundershoot = 0.57V (calculated from 6pF/mV 
(1 25pF-30pF) = 0.57V), VCOjn min = 0.25V, and VCOjn max = 
2.75V: 


Fomin = 


(3)(0.25)(27) (9.2Xg.O) 

42K ^ 


(2)(125* 10-12f) [5.0V + 3(0.57V)] 


To determine N, use equation (1) for Fq min = 200KHz, and 
Fq max = 2MHz resulting in the following: 

N min = 200/100 = 2, and 
N max = 2000/100 = 20 

The results so far indicate the following starting parameters: 

A. A VCO with a 10:1 range is required 

B. Wn = Fref/10 = 10KHz 

C. d = 0.707 

D. R2 = 

E. Vdd = 5.0V 

The Fq center frequency « 

F max + Fmin ^ 2.0 + 0.2 ^ 


20.25 


70.455*10-6 


^ 287.4KHZ 

.0 


Fornax 


(3)(2.75)(27) (9. 

42K 


0) 


(2)(125* lO-ISf) [5.0V + 3(0.57V)] 


= — ^ = 3.16MHz 

70.455*10-6 

Fmax is > the required 2.0MHz, but the Fmin is not low 
enough for required application. It is necessary to adjust either 
Cext O'' Rl fo achieve required specification of 0.2 to 2.0MHz 
Fq. Since Ri = 42kQ is a standard resistor value, try adjusting 
Cext fo s higher value, such as 1 75pF. Because Cext is now > 
1 50pF, the Vundershoot iT^ust be adjusted to 0.7V, as per earlier 
explanation: 
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So, 


Choose C-| to be 0.01 |iF, N = 1 0 for approximate mid-range 
Fq, and calculate R-j and R 2 using Equations ( 13 ) and ( 14 ): 


Fomin 


(3)(0.25)(27) (9.2X6.0) 

42K 


(2)(175* 10-12f) [5.0V + 3(0.7V)] 


Rl + R2 = 


KqKvco 

NC^Wn^ 


(Q.4)(4.86MQ6) 
(10)(0.01 * 10-6)(62.83* 103)2 


and 


20.25 

104.37*10-6 


= 194.02KHZ 


Fq max 


(3)(2.75)(27) , (9.2X^ 
42K + - 7 ^ 


(2)(1 75*1 0-1 2f) [5.0V -f- 3(0.7V)] 


222.75 

104.37*10-6 


2.13MHz 


These values are adequate for the specified application. 

The next item to determine is the VCO gain factor, Kvco. 
using Equation ( 9 ): 


Kvco = 


fmax - fmin 
VCOjnmax - VCOjnmin 


Kvco = 


2 . 13*106 - 0.194*106 
2.75V - 0.25V 


774.4KHZ/V 


or in radians 


= ( 2 jt) (774.4*103) = 4.86*106Rad/sec/V 

The final values used for the desired frequency range are 
R-j = 42kQ, Cext = 175pF, R 2 = 00, VCOjn max = 2.75V, and 
VCOin min = 0.25V. 

The next step is to determine the loop filter. Choosing a filter 
like the one in Figure 3, calculate the component as follows: 

wn = = 10KHz*23t = 62.83 ’ 1 03rad/sec 

d = 0.707 (for starters), and 

N = 2 to 20 
where 

K 0 = phase detector gain 

Vdd = output swing 


^ 1.944*106 
394.76 


4924.5Q 


RP = N 

^ Ciwn Ci(K0Kvco) 

(2)(0.707) 10 

(0.01 * 10-6) (62830) (0.01 * 10-6)(0.4)(4.86 * 106) 

= 2250.52-514.4 = 1736Q 


Then, Ri = 4924.5 - 1736 = 3188.5Q. 

Since N is changeable, it is a good idea to check min and 
max on wp and d. For more information on why, see Motorola 
Application Note AN535/D or the MC4044 Data Sheet in the 
MECL Data Book DL122/D. The following examples show 
sample calculations for N = 2 and 20. 

For N = 20, use Equation ( 10 ) to calculate Wp and d: 


Wpmin = 


/ 


K 0 KVCO 
NCi(Ri + R2) 


(0.4)(4.86* 106 ) 


(20)(0.01 * 10-6)(3188.5 + 1736) 



= 44 . 43 * 103rad/sec, or 
_ 44.43 * 103rad/sec 


2jr 


7KHz 


and 


dmin = (0.5)(wn) [r 2 Ci + 

= (0.5)(44.43*103) * 

r(1736)(0.01 *10-6) + 


20 


(0.4)(4.86*106)J 


= 0.6144 
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For N = 2: 


wnmax = 


/ 


(0.4)(4.86*106) 

(2)(0.01 * 10-6)(3188.5 + 1736) 


= 140.49 * 103rad/sec, or 
= 140.49 M03rad/sec 

27Z 


and 


This shows the effect of changing n on loop performance and 
for this application is adequate. 

If the components are not what is desired, choosing a differ- 
ent Wn and/or d allows them to be modified. 

Alternatively, picking different C, R-) or R2 and recalculating 
the other parameters can be done. If the filter does not provide 
adequate performance, making Wp smaller or d larger may 
improve stability. 


dmax = (0.5)(1 40.49 * 103) * 

(1736)(0.01 M0-6) + ^^^^^J^.^^,^ ] 


= 1.292 



Note: Application Note AN535/D can also be found in BR1 334/D, Motorola’s High Performance Frequency Control Products book, also available 
through the literature distibution center. 
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SEMICONDUCTOR TECHNICAL DATA 


Hex Buffers/Logic- Level 
Down Converters 

High-Performance Silicon-Gate CMOS 

The MC54/74HC4049 consists of six inverting buffers, and the 
MC54/74HC4050 consists of six noninverting buffers. They are identical in 
pinout to the MC14049UB and MC14050B metal-gate CMOS buffers. The 
device inputs are compatible with standard CMOS outputs; with pullup 
resistors, they are compatible with LSTTL outputs. 

The input protection circuitry on these devices has been modified by 
eliminating the Vcc diodes to allow the use of input voltages up to 15 volts. 
Thus, the devices may be used as logic-level translators that convert from a 
high voltage to a low voltage while operating at the low-voltage power 
supply. They allow MCI 4000-series CMOS operating up to 15 volts to be 
interfaced with High-Speed CMOS at 2 to 6 volts. The protection diodes to 
GND are Zener diodes, which protect the inputs from both positive and 
negative voltage transients. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 5 |j.A 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 36 FETs or 9 Equivalent Gates (4049) 

24 FETs or 6 Equivalent Gates (4050) 


LOGIC DIAGRAMS 


HC4049 

(INVERTING BUFFER) 


AO- 


A1 - 


A2- 


A3- 


A4- 


A5- 


14 


■{> 

■{> 

{> 

{> 

■[> 

■{> 


- YO 


- Y2 


10 


Y3 


-Y4 


-Y5 


HC4050 

(NONINVERTING BUFFER) 


AO- 


A2- 


A3- 


A4- 


A5- 


-YO 


- Y1 


■ Y2 


•Y3 


-Y4 


PIN 1= Vcc 
PIN 8 = GND 

PINS 13, 16 = NO CONNECTION 


- Y5 


MC54/74HC4049 

MC54/74HC4050 




16 ^ 


J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 


N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 


D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 


ORDERING INFORMATION 

MC54HCXXXXJ Ceramic 
MC74HCXXXXN Plastic 
MC74HCXXXXD SOIC 


PIN ASSIGNMENT 

Vcc [ 

1 • 

16 

]NC 

YO [ 

2 

15 

]Y5 

AO [ 

3 

14 

] A5 

Y1 [ 

4 

13 

] NC 

A1 [ 

5 

12 

] Y4 

Y2 [ 

6 

11 

] A4 

A2 [ 

7 

10 

] Y3 

GND [ 

8 

9 

] A3 

NC 

= N0 CONNECTION 



FUNCTION TABLE 


A 

Y Outputs 1 

Input 

HC4049 

HC4060 

L 

H 

L 

H 

L 

H 
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MC54/74HC4049 MC54/74HC4050 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5to + 18 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

hn 

DC Input Current, per Pin 

±20 

mA 

lout 

DC Output Current, per Pin 

±25 

mA 

icc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 


"^stg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65“ to 125°C 


Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields referenced to the GND pin, 
only. Extra precautions must be 
taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, the 
ranges GND < Vjn ^ 15 V and 
GND < Vout ^ Vqq are recom- 
mended. 

Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g,, either GND or Vqq). 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 


0 


V 







Vout 

DC Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 



Symbol 

Parameter 

Test Conditions 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = Vcc -0.1V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out! — 20 (lA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 


0,3 

0.3 

V 


Voltage 

llouti ^ 20 |iA 

4.5 


0,9 

0.9 





6.0 


1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|H 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out! — 20 pA 

4.5 

4.4 

4.4 






6.0 

5.9 

5.9 





V|n = V|H or V|l Houtl ^ 4.0 mA 

4.5 

3.98 

3.84 





llouti ^ 5.2 mA 

6.0 

5.48 

5.34 



VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 




Voltage 

••out! — 20 pA 

4.5 

0.1 

0.1 

■SH 






0.1 

0.1 





Vin = V|H or V|l llouti ^ 4.0 mA 

4.5 







llouti — ^'2 mA 

6.0 





•in 

Maximum Input Leakage Current 

Vin = VQC or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 



Vin = 15 V 

6.0 

0.5 

5.0 

5.0 


•cc 

Maximum Quiescent Supply 

Vin = 15 V or GND 

6.0 

2 

20 

40 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC54/74HC4049 MC54/74HC4050 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF. Input tr = tf = 6 ns) 





Guaranteed Limit 




Vcc 

-55 to 




Symbol 

Parameter 

V 

25°C 

< 85°C 

< 125°C 

Unit 

tPLH. 

Maximum Propagation Delay, Input A to Output Y 

2.0 

85 

105 

130 

ns 

tPHL 

(Figures 1 and 2) 

4.5 

17 

21 

26 




6.0 

14 

18 

22 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 2) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 


10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Buffer)* 

27 


* Used to determine the no-load dynamic power consumption: Pq = Cpo Vcc^f + ICC ^CC- considerations, see Chapter 2. 





Figure 1a. Switching Waveforms (HC4049) 


Figure 1 b. Switching Waveforms (HC4050) 


TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

"T" 


4 : 


* Includes all probe and jig capacitance 


Figure 2. Test Circuit 
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MC54/74HC4049 MC54/74HC4050 


LOGIC DETAIL 
HC4049 

(1/6 of the Device) 

— {> — ^ 


HC4050 

(1/6 of the Device) 

— ^ 


TYPICAL APPLICATIONS 


LSTTL to Low-Voltaige HSCMOS 


High-Voltage CMOS to HSCMOS 


5V - 


INo- 


r 

n 

j ► 3 V Vdd* — 

rki IT IM n 1 

L- r 

n 

L|^ l 

L 


f ^ 

1 h 


‘ Vcc* 


-OOUT 


LSTTL HC4049 HC DEVICE 

DEVICE HC4050 


STANDARD HC4049 HC DEVICE 

CMOS HC4050 


NOTE: To determine the noise immunity for the LSTTL to low-voltage 
configuration, use Eq. 1 and Eq. 2: 
(TTL)Voh-(CMOS)V|h Eq.1 

(TTL) VoL - (CMOS) V|l Eq. 2 

For the supply levels shown: 

2.4 - 3 (75%) = 2.4 - 2.25 = 0.1 5 V 
0.4 -3(1 5%) = 0.4 - 0.45 = 0.05 V 

Therefore, worst case noise immunity is 50 mV. 

For supply levels greater than 4.5 volts use 
the 74HCT04A for direct interface to TTL outputs. 


*Table 1. Supply Examples 


Vdd 

Vcc 

15 V 

2 V 

12 V 

5 V 

12 V 

3V 
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Analog Multiplexers/ 
Demultiplexers 

High-Performance Silicon-Gate CMOS 

The MC54/74HC4051, IVIC74HC4052 and MC54/74HC4053 utilize sili- 
con-gate CMOS technology to achieve fast propagation delays, low ON 
resistances, and low OFF leakage currents. These analog multiplexers/ 
demultiplexers control analog voltages that may vary across the complete 
power supply range (from Vqq to Vee). 

The HC4051, HC4052 and HC4053 are identical in pinout to the 
metal-gate MC14051B, MC14052B and MC14053B. The Channel-Select 
inputs determine which one of the Analog Inputs/Outputs is to be connected, 
by means of an analog switch, to the Common Output/Input. When the 
Enable pin is HIGH, all analog switches are turned off. 

The Channel-Select and Enable inputs are compatible with standard 
CMOS outputs; with pullup resistors they are compatible with LSTTL 
outputs. 

These devices have been designed so that the ON resistance (Ron) is 
more linear over input voltage than Ron of metal-gate CMOS analog 
switches. 

For multiplexers/demultiplexers with channel-select latches, see 
HC4351, HC4352 and HC4353. 

• Fast Switching and Propagation Speeds 

• Low Crosstalk Between Switches 

• Diode Protection on All Inputs/Outputs 

• Analog Power Supply Range (Vqc “ Vee) = 2.0 to 12.0 V 

• Digital (Control) Power Supply Range (Vcc “ GND) = 2.0 to 6.0 V 

• Improved Linearity and Lower ON Resistance Than Metal-Gate 
Counterparts 

• Low Noise 

• In Compliance With the Requirements of JEDEC Standard No. 7A 

• Chip Complexity: HC4051 — 184 FETs or 46 Equivalent Gates 

HC4052 — 1 68 FETs or 42 Equivalent Gates 
HC4053 — 156 FETs or 39 Equivalent Gates 


MC54/74HC4051 

MC74HC4052 

MC54/74HC4053 



J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 



N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 



D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 




DW SUFFIX 

SOIC PACKAGE 
CASE 751 G-02 

DT SUFFIX 

TSSOP PACKAGE 
CASE 948F-01 


ORDERING INFORMATION 

MC54HCXXXXJ Ceramic 
MC74HCXXXXN Plastic 

MC74HCXXXXD SOIC 

MC74HCXXXXDW SOIC Wide 
MC74HCXXXXDT TSSOP 


FUNCTION TABLE - MC54/74HC4051 



X4 X6 X X7 X5 Enable Vee GND 



10/95 
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MC54/74HC4051 MC74HC4052 MC54/74HC4053 


FUNCTION TABLE - MC74HC4052 



YO Y2 Y Y3 Y1 Enable Vee GND 



LOGIC DIAGRAM 
MC54/74HC4053 

Triple Single-Pole, Double-Position Plus Common Off 



NOTE: This device allows independent control of each switch. 
Channel-Select Input A controls the X-Switch, Input B controls 
the Y-Switch and Input C controls the Z-Switch 


FUNCTION TABLE - MC54/74HC4053 


Control Inputs 

ON Channels 

Enable 

C 

Select 

B 

A 

L 

L 

L 

L 

ZO 

YO 

XO 

L 

L 

L 

H 

ZO 

YO 

XI 

L 

L 

H 

L 

ZO 

Y1 

XO 

L 

L 

H 

H 

ZO 

Y1 

XI 

L 

H 

L 

L 

Z1 

YO 

XO 

L 

H 

L 

H 

Z1 

YO 

XI 

L 

H 

H 

L 

Z1 

Y1 

XO 

L 

H 

H 

H 

Z1 

Y1 

XI 

H 

X 

X 

X 


NONE 



X = Don’t Care 


Pinout: MC54/74HC4053 (Top View) 

Vcc Y X X1 XO A B C 

) 

Y1 YO Z1 Z ZO Enable Vee GND 
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MC54/74HC4051 MC74HC4052 MC54/74HC4053 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

Positive DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 


(Referenced to V^e) 

-0.5 to + 14.0 


Vee 

Negative DC Supply Voltage (Referenced to GND) 

- 7.0 to + 5.0 

V 

V|S 

Analog Input Voltage 

Vee “ 0-5 to 
Vqq + 0.5 

V 

Vin 

Digital Input Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

1 

DC Current, Into or Out of Any Pin 

±25 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DIPT 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature Range 

-65 to + 150 

°C 

tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


Plastic DIP, SOIC or TSSOP Package 

260 



Ceramic DIP 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

Positive DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 


(Referenced to Vee) 

2.0 

12.0 


Vee 

Negative DC Supply Voltage, Output (Referenced to 
GND) 

-6.0 

GND 

V 

Vis 

Analog Input Voltage 

Vee 

Vcc 

V 

Vin 

Digital Input Voltage (Referenced to GND) 

GND 

Vcc 

V 

V|0* 

Static or Dynamic Voltage Across Switch 


1.2 

V 

Ta 

Operating Temperature Range, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise/Fall Time Vqq = 2.0 V 

0 

1000 

ns 


(Channel Select or Enable Inputs) Vqq = 4.5 V 

0 

500 



Vqq = 6.0 V 

0 

400 



* For voltage drops across switch greater than 1 .2V (switch on), excessive Vqq current may be 
drawn; i.e. , the current out of the switch may contain both Vqq and switch input components. The 
reliability of the device will be unaffected unless the Maximum Ratings are exceeded. 
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MC54/74HC4051 MC74HC4052 MC54/74HC4053 


DC CHARACTERISTICS — Digital Section (Voltages Referenced to GND) Vee = GND, Except Where Noted 





Vcc 

Guaranteed Limit 


Symbol 

Parameter 

Condition 

V 

-55 to 25°C 

<85°C 

<125°C 

Unit 

V|H 

Minimum High-Level Input Voltage, 

Ron = Per Spec 

2.0 

1.50 

1.50 

1.50 

V 


Channel-Select or Enable Inputs 


4.5 

3.15 

3.15 

3.15 





6.0 

4.20 

4.20 

4.20 


V|L 

Maximum Low-Level Input Voltage, 

Rq^ = Per Spec 

2.0 

0.3 

0.3 

0.3 

V 


Channel-Select or Enable Inputs 


4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


lin 

Maximum Input Leakage Current, 

Vin = Vcc or GND, 

6.0 

±0.1 

±1.0 

±1.0 

pA 


Channel-Select or Enable Inputs 

Vee = “6.0 V 






'cc 

Maximum Quiescent Supply 

Channel Select, Enable and 





pA 


Current (per Package) 

V|s = Vcc or GND; Vee = GND 

6.0 

2 

20 

40 




V|o = ov Vee = “6.0 

6.0 

8 

80 

160 



NOTE: Information on typical parametric values can be found in Chapter 2. 


DC CHARACTERISTICS — Analog Section 







Guaranteed Limit 


Symbol 

Parameter 

Condition 

Vcc 

Vee 

-55 to 25°C 

<85°C 

<125°C 

Unit 

Ron 

Maximum “ON” Resistance 

Vin = ViL or V|h; V|s = Vcc to 

4.5 

0.0 

190 

240 

280 

n 



Vff: Ir ^ 2.0 mA 

4.5 

-4.5 

120 

150 

170 




(Figures 1 , 2) 

6.0 

-6.0 

100 

125 

140 




Vjn = V|LorV|H;V|s = Vccor 

4.5 

0.0 

150 

190 

230 




Vff (Endpoints); Is < 2.0 mA 

4.5 

-4.5 

100 

125 

140 




(Figures 1 , 2) 

6.0 

-6.0 

80 

100 

115 


^Ron 

Maximum Difference in “ON” 

Vin = V|LorV|H; 

4.5 

0.0 

30 

35 

40 

Q. 


Resistance Between Any Two 

Vis = 1/2 (Vcc “Vee); 

4.5 

-4.5 

12 

15 

18 



Channels in the Same Package 

Is 2.0 mA 

6.0 

-6.0 

10 

12 

14 


•off 

Maximum Off-Channel Leakage 

Vin = V|LorV|H; 






pA 


Current, Any One Channel 

Vio = Vcc“Vee: 

Switch Off (Figure 3) 

6.0 

-6.0 

0.1 

0.5 

1.0 



Maximum Off-Channel HC4051 

Vin = ViLorViH; 

6.0 

-6.0 

0.2 

2.0 

4.0 



Leakage Current, HC4052 

V|0 = VcC“Vee; 

6.0 

-6.0 

0.1 

1.0 

2.0 



Common Channel HC4053 

Switch Off (Figure 4) 

6.0 

-6.0 

0.1 

1.0 

2.0 


•on 

Maximum On-Channel HC4051 

Vin = V|LorV|H; 

6.0 

-6.0 

0.2 

2.0 

4.0 

pA 


Leakage Current, HC4052 

Switch-to-Switch = 

6.0 

-6.0 

0.1 

1.0 

2.0 



Channel-to-Channel HC4053 

Vcc “ Vee; (Figure 5) 

6.0 

-6.0 

0.1 

1.0 

2.0 
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MC54/74HC4051 MC74HC4052 MC54/74HC4053 


AC CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 




Vcc 

Guaranteed Limit 


Symbol 

Parameter 

V 

-55 to 25°C 

<85°C 

<125°C 

Unit 

tPLH. 

Maximum Propagation Delay, Channel-Select to Analog Output 

2.0 

370 

465 


ns 

tPHL 

(Figure 9) 

4.5 

74 

93 





6.0 

63 

79 



tPLH. 

Maximum Propagation Delay, Analog Input to Analog Output 

2.0 

60 

75 



tPHL 

(Figure 10) 

4.5 

12 

15 





6.0 

10 

13 



tPLZ. 

Maximum Propagation Delay, Enable to Analog Output 

2.0 

290 

364 

430 

ns 

tPHZ 

(Figure 11) 

4.5 

58 

73 

86 




6.0 

49 

62 

73 


tpZL. 

Maximum Propagation Delay, Enable to Analog Output 

2.0 

345 

435 


ns 

tpZH 

(Figure 11) 


69 

87 






59 

74 

87 


^in 

Maximum Input Capacitance, Channel-Select or Enable Inputs 


10 

10 

10 

pF 

C|/0 

Maximum Capacitance Analog I/O 


35 

35 

35 

pF 


(All Switches Off) Common 0/1: HC4051 


130 

130 

130 



HC4052 


80 

80 

80 



HC4053 


50 

50 

50 



Feedthrough 


1.0 

1.0 

1.0 



NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5 0 V, Vee = 0 V 


CpD 

Power Dissipation Capacitance (Figure 1 3)* HC4051 

45 

pF 


HC4052 

80 



HC4053 

45 



* Used to determine the no-load dynamic power consumption: Pq = Cpp VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 
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MC54/74HC4051 MC74HC4052 MC54/74HC4053 


ADDITIONAL APPLICATION CHARACTERISTICS (GND = 0 V) 


Symbol 

Parameter 

Condition 

< 

<o 

o 

< 

<m 

m 

Limit* 

25°C 

Unit 

BW 

Maximum On-Channel Bandwidth 
or Minimum Frequency Response 
(Figure 6) 

fjn = 1 MHz Sine Wave; Adjust fjn Voltage to 
Obtain OdBm at Vos« Increase fjn Frequency 
Until dB Meter Reads -3dB: 

Rl = 50Q, CL = 10pF 

2.25 

4.50 

6.00 

-2.25 

-4.50 

-6.00 

‘51 

‘52 

‘53 

MHz 

80 

80 

80 

95 

95 

95 

120 

120 

120 


Off-Channel Feedthrough Isolation 
(Figure 7) 

fjn = Sine Wave; Adjust fjn Voltage to Obtain 
OdBm at V|s 

fjn = 10kHz, Rl = 600LI, Cl = 50pF 

2.25 

4.50 

6.00 

-2.25 

-4.50 

-6.00 

-50 

-50 

-50 

dB 

fjn = 1 .OMHz, Rl = 50a Cl = 1 0pF 

2.25 

4.50 

6.00 

-2.25 

-4.50 

-6.00 

-40 

-40 

-40 


Feedthrough Noise. 

Channel-Select Input to Common 

I/O (Figure 8) 

Vjn ^ 1 MHz Square Wave (tp = tf = 6ns); 

Adjust Rl at Setup so that Is = OA; 

Enable = GND Rl = 600Q, Cl = 50pF 

2.25 

4.50 

6.00 

-2.25 

-4.50 

-6.00 

25 

105 

135 

mVpp 

Rl= lOkQ, Cl= lOpF 

2.25 

4.50 

6.00 

-2.25 

-4.50 

-6.00 

35 

145 

190 


Crosstalk Between Any Two 

Switches (Figure 12) 

(Test does not apply to HC4051) 

fjn = Sine Wave; Adjust fjn Voltage to Obtain 
OdBm at V|s 

fjn = 10kHz, Rl = 600a, Cl = 50pF 

2.25 

4.50 

6.00 

-2.25 

-4.50 

-6.00 

-50 

-50 

-50 

dB 

fjn = 1 .OMHz, Rl = son. Cl = 1 0pF 

2.25 

4.50 

6.00 

-2.25 

-4.50 

-6.00 

-60 

-60 

-60 

THD 

Total Harmonic Distortion 
(Figure 14) 

fjn = 1kHz, Rl = 10kQ, Cl = SOpF 

THD = THDprieasured ” THDsource 

Vis = 4.0Vpp sine wave 
V|s = S.OVpp sine wave 
V|s = II.OVpp sine wave 

2.25 

4.50 

6.00 

-2.25 

-4.50 

-6.00 

0.10 

0.08 

0.05 

% 


* Limits not tested. Determined by design and verified by qualification. 
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. ON RESISTANCE (OHMS) Ron , ON RESISTANCE (OHMS) Ron , ON RESISTANCE (OHMS) 


MC54/74HC4051 MC74HC4052 MC54/74HC4053 


0 0.25 0.50 0.75 1.0 1.25 1.5 1.75 2.0 2.25 

V|s, INPUT VOLTAGE (VOLTS), REFERENCED TO Vee 

=igure 1a. Typical On Resistance, Vcc ■“ Vff = 2.0 V 


0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4. 

V|s, INPUT VOLTAGE (VOLTS), REFERENCED TO Vee 

Figure 1b. Typical On Resistance, Vcc “ ^ee = 4.5 V 


0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

V|s, INPUT VOLTAGE (VOLTS), REFERENCED TO Vee 

=igure 1c. Typical On Resistance, Vcc “ ^EE = 6-0 V 


0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9. 

V|s, INPUT VOLTAGE (VOLTS), REFERENCED TO Vee 

Figure Id. Typical On Resistance, Vcc “ ^ee = 9-0 V 



' PROGRAMMABLE * 

POWER < » MINICOMPUTER < b* DC ANALYZER 

SUPPLY 


0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 

V|s, INPUT VOLTAGE (VOLTS), REFERENCED TO Vee 

Figure 1e. Typical On Resistance, Vcc “ ^EE = 12.0 V 


COMMON OUT 


GND ^ t Vee 

Figure 2. On Resistance Test Set-Up 














MC54/74HC4051 MC74HC4052 MC54/74HC4053 




VEEt “ 



vee* ~ 


Figure 3. Maximum Off Channel Leakage Current, 
Any One Channel, Test Set-Up 


Figure 4. Maximum Off Channel Leakage Current, 
Common Channel, Test Set-Up 


V|L 6 


VCC f Vos 


0.1|liF 
Ijn — 


VEEf-F 

Figure 5. Maximum On Channel Leakage Current, 
Channel to Channel, Test Set-Up 


Vee*^ 


*lncludes all probe and jig capacitance 


Figure 6. Maximum On Channel Bandwidth, 
Test Set-Up 


Vcc * Vos 




Includes all probe and jig capacitance 

Figure 7. Off Channel Feedthrough Isolation, 
Test Set-Up 


tr = tf = 6 ns 



CHANNEL SELECT 


‘Includes all probe and jig capacitance 

Figure 8. Feedthrough Noise, Channel Select to 
Common Out, Test Set-Up 
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MC54/74HC4051 MC74HC4052 MC54/74HC4053 




TEST 

POINT 


_rLrL_ ~ CHANNEL SELECT 


*lnclucles all probe and jig capacitance 


Figure 9a. Propagation Delays, Channel Select 
to Analog Out 


Figure 9b. Propagation Delay, Test Set-Up Channel 
Select to Analog Out 



nn 


ANALOG i/0 




*lncludes all probe and jig capacitance 


Figure 10a. Propagation Delays, Analog In 
to Analog Out 


Figure 10b. Propagation Delay, Test Set-Up 
Analog In to Analog Out 




Figure 11a. Propagation Delays, Enable to 
Analog Out 


Figure 11b. Propagation Delay, Test Set-Up 
Enable to Analog Out 


High-Speed CMOS Logic Data 
DL129 — Rev6 


3-623 


MOTOROLA 






MC54/74HC4051 MC74HC4052 MC54/74HC4053 


V|S 



*lncludes all probe and jig capacitance 

Figure 12. Crosstalk Between Any Two 
Switches, Test Set-Up 



Figure 13. Power Dissipation Capacitance, 
Test Set-Up 




Figure 14a. Total Harmonic Distortion, Test Set-Up 


0 

-10 
-20 
-30 
-40 
^ -50 
-60 
-70 
-80 
-90 
-100 

1.0 2.0 3.125 

FREQUENCY (kHz) 

Figure 14b. Plot, Harmonic Distortion 



APPLICATIONS INFORMATION 


The Channel Select and Enable control pins should be at 
Vcc o*' GND logic levels. Vcc being recognized as a logic 
high and GND being recognized as a logic low. In this exam- 
ple: 

Vcc = +5V = logic high 
GND = OV = logic low 

The maximum analog voltage swings are determined by 
the supply voltages Vqc ^rid Vee- The positive peak analog 
voltage should not exceed Vqc- Similarly, the negative peak 
analog voltage should not go below Vee* this example, the 
difference between Vqc ^nd Vee is ten volts. Therefore, 
using the configuration of Figure 15, a maximum analog sig- 
nal of ten volts peak-to-peak can be controlled. Unused 
analog inputs/outputs may be left floating (i.e., not con- 
nected). However, tying unused analog inputs and outputs to 


Vcc O'" GND through a low value resistor helps minimize 
crosstalk and feedthrough noise that may be picked up by an 
unused switch. 

Although used here, balanced supplies are not a require- 
ment. The only constraints on the power supplies are that: 

Vcc ” GND = 2 to 6 volts 
Vee “ GND = 0 to -6 volts 
Vcc “ Vee = 2 to 12 volts 
and Vee ^ GND 

When voltage transients above Vcc and/or below Vee 
anticipated on the analog channels, external Germanium or 
Schottky diodes (Dx) are recommended as shown in Figure 
16. These diodes should be able to absorb the maximum 
anticipated current surges during clipping. 
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MC54/74HC4051 MC74HC4052 MC54/74HC4053 


ANALOG I — -- — I FaNALOG A 
ON 



5V t "4^ 

6 11 

7 10 

8 9 

— TO EXTERNAL CMOS 
— CIRCUITRY 0 to 5V 
— J DIGITAL SIGNALS 

..I? 

7 

8 


Figure 15. Application Example 

Figure 16. External Germanium or 
Schottky Clipping Diodes 



LSTTUNMOS 


CIRCUITRY 


*2K<R<10K 



LSTTL/NMOS 

CIRCUITRY 


a. Using Pull-Up Resistors b. Usi 

Figure 17. interfacing LSTT1-/NMOS to CMOS Inputs 


HCT 

BUFFER 

b. Using HCT Interface 



Figure 18. Function Diagram, HC4051 
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MC54/74HC4051 MC74HC4052 MC54/74HC4053 


B 


ENABLE 


A 


B 


C 


ENABLE 



Figure 20. Function Diagram, HC4053 
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14-Stage Binary Ripple 
Counter with Oscillator 

High-Performance Silicon-Gate CMOS 

The MC54/74HC4060 is identical in pinout to the standard CMOS 
MC14060B. The device inputs are compatible with standard CMOS outputs; 
with pullup resistors, they are compatible with LSTTL outputs. 

This device consists of 1 4 master-slave flip-flops and an oscillator with a 
frequency that is controlled either by a crystal or by an RC circuit connected 
externally. The output of each flip-flop feeds the next, and the frequency at 
each output is half that of the preceding one. The state of the counter 
advances on the negative-going edge of Osc In. The active-high Reset is 
asynchronous and disables the oscillator to allow very low power consump- 
tion during standby operation. 

State changes of the Q outputs do not occur simultaneously because of 
internal ripple delays. Therefore, decoded output signals are subject to 
decoding spikes and may need to be gated with Osc Out 2 of the HC4060. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range; 2 to 6 V 

• Low Input Current: 1 (lA 

o High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 390 FETs or 97.5 Equivalent Gates 


LOGIC DIAGRAM 

OSC OUT 1 OSC OUT 2 



MC54/74HC4060 



J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 



N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 



DT SUFFIX 

TSSOP PACKAGE 
CASE 948F-01 


ORDERING INFORMATION 

MC54HCXXXXJ Ceramic 
MC74HCXXXXN Plastic 
MC74HCXXXXDT TSSOP 


PIN ASSIGNMENT 

012 [ 

1 • 

16 

] vcc 

013 [ 

2 

15 

]010 

014 [ 

3 

14 

]08 

06 [ 

4 

13 

]09 

05 [ 

5 

12 

] RESET 

07 [ 

6 

11 

] OSC IN 

04 [ 

7 

10 

] OSC OUT 1 

GND [ 

8 

9 

]0SC OUT 2 



FUNCTION TABLE 


Clock 

Reset 

Output State 

J~ 

L 

No Change 


L 

Advance to Next State 

X 

H 

All Outputs are Low 


PIN16 = Vcc 

PIN8 = GND 
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MAXIMUM RATINGS* 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


3 


** The oscillator is guaranteed to function at 2.5 V minimum. However, parametrics are tested at 
2.0 V by driving Pin 11 with an external clock source. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

llouti — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

42 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

l^outl — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|Hor V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage (Q4-Q10, 01 2-01 4) 

l^outl — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l llout' ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




Hout^ — ^-2 rnA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H or V|l 

2.0 

0.1 

0.1 

0.1 

V 


Voltage (04-010, 012-01 4) 

l^out^ — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l Houtl ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llout^ — ^*2 mA 

6.0 

0.26 

0.33 

0.40 



NOTE: Information on typical parametric values can be found in Chapter 2. 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.5** 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

.+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 



Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5toVcc + T5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

-0.5 to Vcc + 6.5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vcc s^d GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


TSSOP Packaget 

450 


"^stg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or TSSOP Package) 

260 



(Ceramic DIP) 

300 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnOrVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) (Continued) 






Guaranteed Limit 





Vcc 

- 55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

VOH 

Minimum High-Level Output 

Vin = Vcc or GND 

2.0 

1.9 

1.9 

1.9 

V 


Voltage (Osc Out 1 , Osc Out 2) 

l^outl — 20 jiA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = Vcc or GNDIIoijtl ^ 1.0 mA 

4.5 

3.98 

3.84 

3.70 




llouti ^ 1 .3 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = Vcc or GND 

2.0 

0.1 

0.1 

0.1 

V 


Voltage (Osc Out 1 , Osc Out 2) 

l^outl — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = Vcc or GNDIIoutI ^ 1 .0 mA 

4.5 

0.26 

0.33 

0.40 




llout* ^ 1.3 mA 

6.0 

0.26 

0.33 

0.40 


lin 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

'cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

lout = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 4. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 





Guaranteed Limit 




Vcc 

-55 to 




Symbol 

Parameter 

V 

25°C 

< 85° C 

< 125°C 

Unit 

fmax 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

5.0 

4.0 

3.4 

MHz 


(Figures 1 and 4) 

4.5 

25 

20 

17 




6.0 

29 

24 

20 


tPLH. 

Maximum Propagation Delay, Osc In to Q4* 

2.0 

530 

665 

795 

ns 

tPHL 

(Figures 1 and 4) 

4.5 

106 

133 

159 




6.0 

91 

114 

135 


tPLH. 

Maximum Propagation Delay, Osc In to 014* 

2.0 

1600 

2000 

2400 

ns 

tPHL 

(Figures 1 and 4) 

4.5 

320 

400 

480 




6.0 

272 

344 

408 


tPHL 

Maximum Propagation Delay, Reset to Any Q 

2.0 

240 

300 

360 

ns 


(Figures 2 and 4) 

4.5 

48 

60 

72 




6.0 

41 

51 

61 


tPLH. 

Maximum Propagation Delay, ON to ON + 1 

2.0 

125 

155 

190 

ns 

tPHL 

(Figures 3 and 4) 

4.5 

25 

31 

38 




6.0 

21 

26 

32 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 4) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Gin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 



NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 

* For Tj\ = 25°C and Cl = 50 pF, typical propagation delay from Osc In to other Q outputs may be calculated with the following equations: 
Vcc = 2.0 V: tp = [205 + 1 07.5(N - 1 )] ns 
Vcc = 4.5 V: tp = [41 + 21 .5(N - 1 )] ns 
Vcc = 6.0 V: tp = [35 + 1 8.3(N - 1 )] ns 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Package)* 

35 


* Used to determine the no-load dynamic power consumption: Pp = Cpo Vcc^l + ICC ^CC- For 'oad considerations, see Chapter 2. 
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TIMING REQUIREMENTS (Input tr == tf = 6 ns) 


Symbol 

Parameter 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tree 

Minimum Recovery Time, Reset Inactive to Osc In* 

2.0 

100 





(Figure 2) 

4.5 

20 






6.0 

17 

■■ 



tw 


2.0 

80 






4.5 

16 






6.0 

14 

mm 



tw 

Minimum Pulse Width, Reset 

2.0 

80 

100 

120 

ns 


(Figure 2) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tr.tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
* Osc In driven with external clock. 


PIN DESCRIPTIONS 


OUTPUTS 

Q4-Q10, Q12-Q14 (Pins 7, 5, 4, 6, 14, 13, 15, 1, 2, 3) 
Active-high outputs. Each QN output divides the oscillator 
frequency by 2^. The user should note that Q1 , Q2, Q3, and 
Q11 are not available as outputs. 

Osc Out 1 , Osc Out 2 (Pins 1 0, 9) 

Oscillator outputs. These pins are used in conjunction with 
Osc In and the external components to form an oscillator. 
(See Figures 4 and 5). When Osc In is being driven with an 
external clock source, Osc Out 1 and Osc Out 2 must be left 
open circuited. With the crystal oscillator configuration in Fig- 
ure 6, Osc Out 2 must be left open circuited. 

SWITCHING WAVEFORMS 




INPUTS 


Osc In (Pin 11) 

Negative-edge triggering clock input. A high-to-low tran- 
sition on this input advances the state of the counter. Osc In 
may be driven by an external clock source. 

Reset (Pin 12) 

Active-high reset. A high level applied to this input asynch- 
ronously resets the counter to its zero state (forcing all Q out- 
puts low) and disables the oscillator. 



TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

”r 


4 : 


* Includes all probe and jig capacitance 

Figure 4. Test Circuit 
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Figure 6. Pierce Crystal Oscillator Circuit 


Table 1 . Crystal Oscillator Amplifier Specifications 

Ta = 25°C (Input = Pin 11 , Output = Pin 1 0) 


Type 

Positive Reactance (Pierce) 

Input Resistance, Rjn 

60 MQ minimum 

Output Impedance, Zout (4.5 V supply) 

200 Q (see text) 

Input Capacitance, Cjp 

5 pF typical 

Output Capacitance, Cout 

7 pF typical 

Series Capacitance, Cq 

5 pF typical 

r 3 Vdc supply 

5.0 expected minimum 

Open loop voltage I 4 Vdc supply 

4.0 expected minimum 

gain with output at | 5 Vdc supply 

3.3 expected minimum 

full swing, a 6 Vdc supply 

3.1 expected minimum 


PIERCE CRYSTAL OSCILLATOR DESIGN 





1 Re Xe 2 

= o-AW-CZho 


Values are supplied by crystal manufacturer (parallel resonant crys- 
tal) 

Figure 7. Equivalent Crystal Networks 




-|- Cjn 

. 1 . 


-j‘Cout 


NOTE: C = Cl + Cjp and R = R1 + Rout- Cq is considered as part of the 
load. Ca and Rf typically have minimal effect below 2 MHz. 


Values are listed in Table 1 . 


Figure 8. Series Equivalent Crystal Load 


Figure 9. Parasitic Capacitances 
of the Amplifier 
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DESIGN PROCEDURES 


The following procedure applies for oscillators operating below 2 MHz where Z is a resistor R1 . Above 2 MHz, additional im- 
pedance elements should be considered: Gout Ca of the amp, feedback resistor Rf, and amplifier phase shift error from 180°. 
Step 1 : Calculate the equivalent series circuit of the crystal at the frequency of oscillation. 


-jXCo (Rs + jXLs-iXCs 

-iXCo + Rs + jXLg-jXc 


Reactance jXe should be positive, indicating that the crystal is operating as an inductive reactance at the oscillation frequency 
The maximum Rs for the crystal should be used in the equation. 

Step 2: Determine p, the attenuation, of the feedback network. For a closed-loop gain of 2, Ayp = 2,p = 2/Av where Ay is 
the gain of the HC4060 amplifier. 

Step 3: Determine the manufacturer’s loading capacitance. For example: A manufacturer may specify an external load capaci- 
tance of 32 pF at the required frequency. 

Step 4: Determine the required Q of the system, and calculate Rioad- example, a manufacturer specifies a crystal Q 
of 100,000. In-circuit Q is arbitrarily set at 20% below crystal Q or 80,000. Then R|oad = (27ifoLs/Q) - Rs where Ls and Rs are 
crystal parameters. 

Step 5: Simultaneously solve, using a computer, 

p= ^ (with feedback phase shift = 180°) (1) 

R.Re + Xc2(Xe-Xc) 


Xe = Xc2 + Xc + = ^C|oad loading capacitor is an external load, not including Co) 

R 


( 2 ) 


R|oad = 


RXCoXC2[(Xc + Xc2) (Xc + Xp^) - Xc(Xc + XQq + Xc2)] 
X2c2(Xc + XCo)2+ R2 (Xc +XCo + Xc2)2 


(3) 


Here R = Rout + Rl ■ Rout 's amp output resistance, R1 Is Z. The C corresponding to Xq is given by C = Cl + Cjn- 
Alternately, pick a value for R1 (i.e., let R1 = Rs). Solve Equations 1 and 2 for Cl and C2. Use Equation 3 and the fact that 
Q = 27ifoLs/(Rs + R|oad) to find in-circuit Q. If Q is not satisfactory pick another value for R1 and repeat the procedure. 



CHOOSING R1 

Power is dissipated in the effective series resistance of the 
crystal. The drive level specified by the crystal manufacturer 
is the maximum stress that a crystal can withstand without 
damage or excessive shift in frequency R1 limits the drive 
level. 

To verify that the maximum dc supply voltage does not 
overdrive the crystal, monitor the output frequency as a func- 
tion of voltage at Osc Out 2 (Pin 9). The frequency should 
increase very slightly as the dc supply voltage is increased. 
An overdriven crystal will decrease in frequency or become 
unstable with an increase in supply voltage. The operating 
supply voltage must be reduced or R1 must be increased in 
value it the overdriven condition exists. The user should note 
that the oscillator start-up time is proportional to the value of 
R1. 

SELECTING Rf 

The feedback resistor, Rf, typically ranges up to 20 Mt2. Rf 
determines the gain and bandwidth of the amplifier. Proper 
bandwidth insures oscillation at the correct frequency plus 
roll-off to minimize gain at undesirable frequencies, such as 


the first overtone. Rf must be large enough so as to not affect 
the phase of the feedback network in an appreciable manner. 
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SEMICONDUCTOR TECHNICAL DATA 


14-Stage Binary Ripple 
Counter With Oscillator 

High-Performance Silicon-Gate CMOS 

The MC54/74C4060A is identical in pinout to the standard CMOS 
MC14060B. The device inputs are compatible with standard CMOS out- 
puts; with pullup resistors, they are compatible with LSTTL outputs. 

This device consists of 14 master-slave flip-flops and an oscillator 
with a frequency that is controlled either by a crystal or by an RC circuit 
connected externally. The output of each flip-flop feeds the next and the 
frequency at each output is half of that of the preceding one. The state of 
the counter advances on the negative-going edge of the Osc In. The 
active-high Reset is asynchronous and disables the oscillator to allow 
very low power consumption during stand-by operation. 

State changes of the Q outputs do not occur simultaneously because 
of internal ripple delays. Therefore, decoded output signals are subject to 
decoding spikes and may have to be gated with Osc Out 2 of the 
HC4060A. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 |iA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance With JEDEC Standard No. 7A Requirements 

• Chip Complexity: 390 FETs or 97.5 Equivalent Gates 


LOGIC DIAGRAM 


MC54/74HC4060A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 



N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 



D SUFFIX 

SOIC PACKAGE 
CASE 751 B-05 



DT SUFFIX 

TSSOP PACKAGE 
CASE 748C-03 


ORDERING INFORMATION 

MC54HCXXXXAJ Ceramic 
MC74HCXXXXAN Plastic 
MC74HCXXXXAD SOIC 
MC74HCXXXXADT TSSOP 


Osc Out 1 Osc Out 2 


Osc In ■ 


Reset 


12 


10 9 



7 

5 

4 


6 

14 

13 

15 





2 


3 




■ 08 

• 09 

• Q10 
■ 012 
■ 013 

• 014 

Pin 16 = Vqq 
P in 8 = GND 


FUNCTION TABLE 



Clock 

Reset 

Output State 

04 

_y- 

L 

No Charge 

05 


L 

Advance to Next State 

06 

X 

H 

All Outputs Are Low 


Pinout: 16-Lead Plastic Package (Top View) 

Osc Osc 

Vcc QtO 08 09 Reset Osc In Outi Out 2 

riii[T?inTin^r^riTiHiTi 


LdUjmLiJkJLiJmLiJ 

012 013 014 06 05 07 04 GND 
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MAXIMUM RATINGS* 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


3 


* The oscillator is guaranteed to function at 2.5 V minimum. However, parametrics are tested at . 
2.0 V by driving Pin 11 with an external clock source. 


DC CHARACTERISTICS (Voltages Referenced to GND) 





Vcc 

Guaranteed Limit 


Symbol 

Parameter 

Condition 

V 

-55 to 25°C 

<85°C 

<125°C 

Unit 

V|H 

Minimum High-Level Input Voltage 

Vnnt = 0.1Vor Vnn-0.1V 

2.0 

1.50 

1.50 

1.50 

V 



^^out^ - 20)iA 

3.0 

2.10 

2.10 

2.10 





4.5 

3.15 

3.15 

3.15 





6.0 

4.20 

4.20 

4.20 


V|L 

Maximum Low-Level Input Voltage 

Vout = 0.1VorVcc-0.1V 

2.0 

0.50 

0.50 

0.50 

V 



l^oufl - 20ixA 

3.0 

0.90 

0.90 

0.90 





4.5 

1.35 

1.35 

1.35 





6.0 

1.80 

1.80 

1.80 


VOH 

Minimum High-Level Output 

V|n = ViH or Vil 

2.0 

1.9 

1.9 

1.9 

V 


Voltage (Q4-Q10, Q12-Q14) 

l^outl - 20|iA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin =V|H or V|l llouti ^ 2.4mA 

3.0 

2.48 

2.34 

2.20 




llouti ^ 4.0mA 

4.5 

3.98 

3.84 

3.70 




llout^ — 5.2mA 

6.0 

5.48 

5.34 

5.20 



Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.5* 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature Range, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise/Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 



Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-0.5 to Vcc + 6.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

hn 

DC Input Current, per Pin 

±20 

mA 

lout 

DC Output Current, per Pin 

±25 

mA 

icc 

DC Supply Current, Vcc and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DIPt 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature Range 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


Plastic DIP, SOIC or TSSOP Package 

260 



Ceramic DIP 

300 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 
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DC CHARACTERISTICS (Voltages Referenced to GND) 





Vcc 

Guaranteed Limit 


Symbol 

Parameter 

Condition 

V 

-55 to 25°C 

<85°C 

<125°C 

Unit 

VoL 

Maximum Low-Level Output 

Vin = V|Hor V|l 

2.0 

0.1 

0.1 

0.1 

V 


Voltage (04-010, 012-014) 

••out^ - 20}iA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|HorViL lloutl^ 2.4mA 

3.0 

0.26 

0.33 

0.40 




llout^ — 4.0mA 

4.5 

0.26 

0.33 

0.40 




••out^ — 5.2mA 

6.0 

0.26 

0.33 

0.40 


VOH 

Minimum High-Level Output 

Vin = Vcc or GND 

2.0 

1.9 

1.9 

1.9 

V 


Voltage (Osc Out 1 , Osc Out 2) 

••out^ - 20|iA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin=VccorGND lloutl^ 0.7mA 

3.0 

2.48 

2.34 

2.20 




••out^ — "• -OmA 

4.5 

3.98 

3.84 

3.70 




••out^ — "• -^mA 

6.0 

5.48 

5.34 

5.20 


VoL 

Maximum Low-Level Output 

Vin = Vcc or GND 

2.0 

0.1 

0.1 

0.1 

V 


Voltage (Osc Out 1 , Osc Out 2) 

••out! - 20|iA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin =Vcc or GND llouti ^ 0.7mA 

3.0 

0.26 

0.33 

0.40 




••out^ — "• ’OmA 

4.5 

0.26 

0.33 

0.40 




••out^ — ”• -OrnA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = VcC or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

4 

40 

160 

pA 


Current (per Package) 

•out = OpA 







NOTE: Information on typical parametric values can be found in Chapter 2. 



AC CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) 




Vcc 

Guaranteed Limit 


Symbol 

Parameter 

V 

-55 to 25°C 

<85°C 

<125°C 

Unit 

^max 

Maximum Clock Frequency (50% Duty Cycle) 

2.0 

6.0 

9.0 

8.0 

MHz 


(Figures 1 and 4) 

3.0 

10 

14 

12 




4.5 

30 

28 

25 




6.0 

50 

45 

40 


tPLH. 

Maximum Propagation Delay, Osc In to Q4* 

2.0 

300 

375 

450 

ns 

tPHL 

(Figures 1 and 4) 

3.0 

180 

200 

250 




4.5 

60 

75 

90 




6.0 

51 

64 

75 


tPLH. 

Maximum Propagation Delay, Osc In to 014* 

2.0 

500 

750 

1000 

ns 

tPHL 

(Figures 1 and 4) 

3.0 

350 

450 

600 




4.5 

250 

275 

300 




6.0 

200 

220 

250 


tPHL 

Maximum Propagation Delay, Reset to Any Q 

2.0 

195 

245 

300 

ns 


(Figures 2 and 4) 

3.0 

75 

100 

125 




4.5 

39 

49 

61 




6.0 

33 

42 

53 


tPLH- 

Maximum Propagation Delay, On to Qn+1 

2.0 

75 

95 

125 

ns 

tPHL 

(Figures 3 and 4) 

3.0 

60 

75 

95 




4.5 

15 

19 

24 




6.0 . 

13 

16 

20 
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AC CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 6 ns) -- continued 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 25°C 

<85°C 

<125°C 

tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 4) 

3.0 

27 

32 

36 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

10 

10 

10 

pF 


NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 

* For Ta = 25°C and Cl = 50 pF, typical propagation delay from Clock to other Q outputs may be calculated with the following equations: 
Vcc = 2.0 V: tp = [93.7 + 59.3 (n-1 )] ns Vcc = 4.5 V: tp = [30.25 + 1 4.6 (n-1 )] ns 

Vcc = 3.0 V: tp = [61 .5+ 34.4 (n-1 )] ns Vcc = 6.0 V: tp = [24.4 + 12 (n-1 )] ns 




Typical @ 25°C, Vcc = 5 0 V 

CPD 

Power Dissipation Capacitance (Per Package)* 

35 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VQc^f + Icc ^CC- *^0'' •oQd considerations, see Chapter 2. 


TIMING REQUIREMENTS (Input tr = tf = 6 ns) 




Vcc 

Guaranteed Limit 


Symbol 

Parameter 

V 

-55 to 25°C 

<85°C 

<125°C 

Unit 

tree 

Minimum Recovery Time, Reset Inactive to Clock 

2.0 

100 

125 

150 

ns 


(Figure 2) 

3.0 

75 

100 

120 




4.5 

20 

25 

30 




6.0 

17 

21 

25 


tw 

Minimum Pulse Width, Clock 

2.0 

75 

95 

110 

ns 


(Figure 1) 

3.0 

27 

32 

36 




4.5 

15 

19 

23 




6.0 

13 

16 

19 


tw 

Minimum Pulse Width, Reset 

2.0 

75 

95 

110 

ns 


(Figure 2) 

3.0 

27 

32 

36 




4.5 

15 

19 

23 




6.0 

13 

16 

19 


tr, tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

3.0 

800 

800 

800 




4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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PIN DESCRIPTIONS 


INPUTS 
Osc In (Pin 11) 

Negative-edge triggering clock input. A high-to-low tran- 
sition on this input advances the state of the counter. Osc In 
may be driven by an external clock source. 


Reset (Pin 12) 

Active-high reset. A high level applied to this Input asynch- 
ronously resets the counter to its zero state (forcing all Q out- 
puts low) and disables the oscillator. 


OUTPUTS 

Q4— Q10, Q12-Q14 (Pins 7, 5, 4, 6, 13, 15, 1, 2, 3) 
Active-high outputs. Each Qn output divides the Clock 
input frequency by 2N. The user should note the Q1 , Q2, Q3 
and Q11 are not available as outputs. 

Osc Out 1, Osc Out 2 (Pins 9, 10) 

Oscillator outputs. These pins are used In conjunction with 
Osc In and the external components to form an oscillator 
(See NO TAG and NO TAG). When Osc In is being driven 
with an external clock source, Osc Out 1 and Osc Out 2 must 
be left open circuited. With the crystal oscillator configuration 
in Figure 6, Osc Out 2 must be left open circuited. 


SWITCHING WAVEFORMS 





Figure 1 . 


Figure 2. 


Qn 


Qn+1 


50% ^ 

L 

IPLH 

7 


tPHL 

V 

- 50% ^ 


■vcc 

-GND 


TEST 

POINT 



o 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 




"'Includes all probe and jig capacitance 


Figure 3. 


Figure 4. Test Circuit 
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TABLE 1. CRYSTAL OSCILLATOR AMPLIFIER SPECIFICATIONS (Ta = 25°C; Input = Pin 11, Output = Pin 10) 


Type 

Positive Reactance (Pierce) 

Input Resistance, Rjp 

60MQ Minimum 

Output Impedance, Zout (4.5V Supply) 

200a (See Text) 

Input Capacitance, Cjp 

5pF Typical 

Output Capacitance, Cout 

7pF Typical 

Series Capacitance, Cg 

5pF Typical 

Open Loop Voltage Gain with Output at Full Swing, a 3Vdc Supply 

5.0 Expected Minimum 

4Vdc Supply 

4.0 Expected Minimum 

5Vdc Supply 

3.3 Expected Minimum 

6Vdc Supply 

3.1 Expected Minimum 


PIERCE CRYSTAL OSCILLATOR DESIGN 


1 2 


Rs Ls Cs 



Value are supplied by crystal manufacturer (parallel resonant crystal). 

Figure 8. Equivalent Crystal Networks 

\3 



NOTE: C = C1 + Cjn and R = R1 + Rout- Cq is considered as part of 
the load. Ca and Rf typically have minimal effect below 2MHz. Values are listed in Table 1 . 

Figure 9. Series Equivalent Crystal Load Figure 10. Parasitic Capacitances of the Amplifier 
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DESIGN PROCEDURES 


The following procedure applies for oscillators operating below 2MHz where Z is a resistor R1 . Above 2MHz, additional 
impedance elements should be considered: Cout Ca of the amp, feedback resistor Rf, and amplifier phase shift error from 
180°C. 

Step 1: Calculate the equivalent series circuit of the crystal at the frequency of oscillation. 


- jXCo(Rs + jXLs - jXCs) 
~ jXCo + Rs + JXLs “ jXCs 


Re + jXe 


Reactance jXe should be positive, indicating that the crystal is operating as an inductive reactance at the oscillation frequency. 
The maximum Rs for the crystal should be used in the equation. 

Step 2; Determine p, the attenuation, of the feedback network. For a closed-loop gain of 2,Avp = 2,p = 2/Av where Ay is the gain 
of the HC4060A amplifier. 

Step 3: Determine the manufacturer’s loading capacitance. For example: A manufacturer may specify an external load capaci- 
tance of 32pF at the required frequency. 

Step 4: Determine the required Q of the system, and calculate R|oad> Ro'” example, a manufacturer specifies a crystal Q of 
1 00,000. In-circuit Q is arbitrarily set at 20% below crystal Q or 80,000. Then R|oad = (27ifoLs/Q) - Rs where Ls and Rs are crystal 
parameters. 

Step 5: Simultaneously solve, using a computer, 


XC • XC2 

R • Re + Xc2 (Xe - Xc) 


(with feedback phase shift = 180°) 


(Eql) 


Xe = Xc2 + Xc + 


ReXc2 


^C|oad 


(where the loading capacitor is an external load, not including Cq) 


(Eq2) 



R|oad = 


RXCoXC2 [(Xc + Xc2)(Xc + XCq) - Xc(Xc + XCo + XC2)] 
X2c2(Xc + XCo)2 + R2(Xc + XCq + Xc2)2 


(Eq3) 


Here R = Rout + R'^ ■ Rout amp output resistance, R1 is Z. The C corresponding to Xc is given by C = Cl + Cjn- 
Alternately, pick a value for R1 (i.e, let R1 = Rs). Solve Equations 1 and 2 for Cl and C2. Use Equation 3 and the fact that Q = 
27cfoLs/(Rs + R|oad) find in-circuit Q. If Q is not satisfactory pick another value for R1 and repeat the procedure. 


CHOOSING R1 

Power is dissipated in the effective series resistance of the 
crystal. The drive level specified by the crystal manufacturer 
is the maximum stress that a crystal can withstand without 
damage or excessive shift in frequency. R1 limits the drive 
level. 

To verify that the maximum dc supply voltage does not 
overdrive the crystal, monitor the output frequency as a func- 
tion of voltage at Osc Out 2 (Pin 9). The frequency should 
increase very slightly as the dc supply voltage is increased. 
An overdriven crystal will decrease in frequency or become 
unstable with an increase in supply voltage. The operating 
supply voltage must be reduced or R1 must be Increased in 
value if the overdriven condition exists. The user should note 
that the oscillator start-up time is proportional to the value of 
R1. 

SELECTING Rf 

The feedback resistor, Rf, typically ranges up to 20MQ. Rf 
determines the gain and bandwidth of the amplifier. Proper 
bandwidth insures oscillation at the correct frequency plus 
roll-off to minimize gain at undesirable frequencies, such as 


the first overtone. Rf must be large enough so as to not affect 
the phase of the feedback network in an appreciable manner. 
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SEMICONDUCTOR TECHNICAL DATA 


Quad Analog Switch/ 
Multiplexer/Demultiplexer 

High-Performance Silicon-Gate CMOS 



The MC54/74HC4066 utilizes silicon-gate CMOS technology to achieve 
fast propagation delays, low ON resistances, and low OFF-channel leakage 
current. This bilateral switch/multiplexer/demultiplexer controls analog and 
digital voltages that may vary across the full power-supply range (from Vcc 
to GND). 

The HC4066 is identical in pinout to the metal-gate CMOS MC14016 and 
MC14066. Each device has four independent switches. The device has 
been designed so that the ON resistances (Ron) s'"® niuch more linear over 
input voltage than Rqn of metal-gate CMOS analog switches. 

This device is identical in both function and pinout to the HC4016. The 
ON/OFF control inputs are compatible with standard CMOS outputs; with 
pullup resistors, they are compatible with LSTTL outputs. For analog 
switches with voltage-level translators, see the HC4316. 

• Fast Switching and Propagation Speeds 

• High ON/OFF Output Voltage Ratio 

• Low Crosstalk Between Switches 

• Diode Protection on All Inputs/Outputs 

• Wide Power-Supply Voltage Range (Vcc “ GND) = 2.0 to 12.0 Volts 

• Analog Input Voltage Range (Vqc “ GND) = 2.0 to 12.0 Volts 

• Improved Linearity and Lower ON Resistance over Input Voltage than 
the MC14016 or MC14066 or HC4016 

• Low Noise 

• Chip Complexity: 44 FETs or 11 Equivalent Gates 


LOGIC DIAGRAM 


Xa 


A ON/OFF CONTROL 


Xb 


BON/OFF CONTROL 


xc 

CON/OFF CONTROL 


Xd 


DON/OFF CONTROL 



PIN 14 = Vcc 
PIN 7 = GND 


MC54/74HC4066 



14 ^ 


J SUFFIX 

CERAMIC PACKAGE 
CASE 632-08 


N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 


D SUFFIX 

SOIC PACKAGE 
CASE751A-03 


DT SUFFIX 

TSSOP PACKAGE 
CASE 948G-01 


ORDERING INFORMATION 

MC54HCXXXXJ Ceramic 
MC74HCXXXXN Plastic 
MC74HCXXXXD SOIC 
MC74HCXXXXDT TSSOP 


PIN ASSIGNMENT 

Xa[ 

1 • 

14 

] YCC 


13 

, A ON/OFF 

YaC 

2 

J CONTROL 

ybC 

3 

12 

1 D ON/OFF 
■' CONTROL 

Xb[ 

4 

11 

]Xd 

BON/OFF r 
CONTROL L 

5 

10 

]Yd 

C ON/OFF [ 
CONTROL 

6 

9 

]Yc 

GND [ 

7 

8 

]Xc 






FUNCTION TABLE 


On/Off Control 

State of 

Input 

Analog Switch 

L 

Off 

H 

On 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

Positive DC Supply Voltage (Referenced to GND) 

-0.5 to + 14.0 

V 

V|S 

Analog Input Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

Vin 

Digital Input Voltage (Referenced to GND) 

- 1 .5 to Vqq + 1 .5 

V 

1 

DC Current Into or Out of Any Pin 

±25 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC or TSSOP Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: -7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

Positive DC Supply Voltage (Referenced to GND) 

2.0 

12.0 

V 

V|S 

Analog Input Voltage (Referenced to GND) 

GND 

Vcc 

V 

Vin 

Digital Input Voltage (Referenced to GND) 

GND 

Vcc 

V 

V|0* 

Static or Dynamic Voltage Across Switch 

- 

1.2 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time, ON/OFF Control 

Inputs (Figure 1 0) Vqq = 2.0 V 

0 

1000 

ns 


Vqq = 4.5 V 

0 

500 



Vqq = 9.0 V 

0 

400 



Vqq = 12.0 V 

0 

250 



For voltage drops across the switch greater than 1 .2 V (switch on), excessive Vqc current may 
be drawn; i.e., the current out of the switch may contain both Vqc switch input components. 
The reliability of the device will be unaffected unless the Maximum Ratings are exceeded. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 
I/O pins must be connected to a 
properly terminated line or bus. 


3 


DC ELECTRICAL CHARACTERISTIC Digital Section (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Voltage 

Ron = Spec 

2.0 

1.5 

1.5 

1.5 

V 


ON/OFF Control Inputs 


4.5 

3.15 

3.15 

3.15 





9.0 

6.3 

6.3 

6.3 





12.0 

8.4 

8.4 

8.4 


V|L 

Maximum Low-Level Voltage 

Ron = Pef Spec 

2.0 

0.3 

0.3 

0.3 

V 


ON/OFF Control Inputs 


4.5 

0.9 

0.9 

0.9 





9.0 

1.8 

1.8 

1.8 





12.0 

2.4 

2.4 

2.4 


'in 

Maximum Input Leakage Current 
ON/OFF Control Inputs 

Vin = Vqq or GND 

12.0 

±0.1 

±1.0 

±1.0 

liA 

'cc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 

2 

20 

40 

pA 


Current (per Package) 

< 

O 

II 

o 

< 

12.0 

8 

80 

160 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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DC ELECTRICAL CHARACTERISTICS Analog Section (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

Hon 

Maximum “ON” Resistance 

Vin = V|H 

2.0t 

— 

— 

— 

Q. 



V|s = Vqq to GND 

4.5 

170 

215 

255 




Is ^ 2.0 mA (Figures 1 , 2) 

9.0 

85 

106 

130 





12.0 

85 

106 

130 




Vin = V|H 

2.0 

— 

— 

— 




Vis = '^CC or GND (Endpoints) 

4.5 

85 

106 

130 




Is ^ 2.0 mA (Figures 1 , 2) 

9.0 

63 

78 

95 





12.0 

63 

78 

95 


ARon 

Maximum Difference in “ON” 

Vin = V|H 

2.0 

— 

— 

— 

a 


Resistance Between Any Two 

V|s = 1/2(Vqq-GND) 

4.5 

30 

35 

40 



Channels in the Same Package 

Is ^ 2.0 mA 

9.0 

20 

25 

30 





12.0 

20 

25 

30 


'off 

Maximum Off-Channel Leakage 

Vin = V|L 

12.0 

0.1 

0.5 

1.0 

pA 


Current, Any One Channel 

V|o = Vqq or GND 

Switch Off (Figure 3) 






•on 

Maximum On-Channel Leakage 

Vin = V|H 

12.0 

0.1 

0.5 

1.0 

fiA 


Current, Any One Channel 

Vis = Vqq or GND 
(Figure 4) 







tAt supply voltage (Vqq - GND) approaching 2 V the analog switch-on resistance becomes extremely non-linear. Therefore, for low-voltage 
operation, it is recommended that these devices only be used to control digital signals. 

NOTE; Information on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, ON/OFF Control Inputs: tr = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH- 

Maximum Propagation Delay, Analog Input to Analog Output 

2.0 

50 

65 

75 

ns 

tPHL 

(Figures 8 and 9) 

4.5 

10 

13 

15 




9.0 

10 

13 

15 




12.0 

10 

13 

15 


tPLZ. 

Maximum Propagation Delay, ON/OFF Control to Analog Output 

2.0 

150 

190 

225 

ns 

tPHZ 

(Figures 10 and 11) 

4.5 

30 

38 

45 




9.0 

30 

30 

30 




12.0 

30 

30 

30 


tpZL. 

Maximum Propagation Delay, ON/OFF Control to Analog Output 

2.0 

125 

160 

185 

ns 

tPZH 

(Figures 10 and 1 1) 

4.5 

25 

32 

37 




9.0 

25 • 

32 

37 




12.0 

25 

32 

37 


C 

Maximum Capacitance ON/OFF Control Input 

- 

10 

10 

10 

pF 


Control Input = GND 







Analog I/O 

— 

35 

35 

35 



Feedthrough 

— 

1.0 

1.0 

1.0 



NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 





Typical @ 25°C, Vqc = 5.0 V 


CpD 

Power Dissipation Capacitance (Per Switch) (Figure 1 3)* 

15 

pF 


* Used to determine the no-load dynamic power consumption: Pq = Cpo VQQ^f + |qq Vcc- For load considerations, see Chapter 2. 
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ADDITIONAL APPLICATION CHARACTERISTICS (Voltages Referenced to GND Unless Noted) 


Symbol 

Parameter 

Test Conditions 

Vcc 

V 

Limit* 

25° C 
54/74HC 

Unit 

BW 

Maximum On-Channel Bandwidth or 

fjn = 1 MHz Sine Wave 

4.5 

150 

MHz 


Minimum Frequency Response 

Adjust fjn Voltage to Obtain 0 dBm at Vqs 

9.0 

160 



(Figure 5) 

Increase fjn Frequency Until dB Meter Reads - 3 dB 

12.0 

160 




RL = 50 Q, Cl= lOpF 




— 

Off-Channel Feedthrough Isolation 

fjn = Sine Wave 

4.5 

-50 

dB 


(Figure 6) 

Adjust fjn Voltage to Obtain 0 dBm at V|s 

9.0 

-50 




fjn = 10 kHz, Rl = 600 Q, Cl = 50 pF 

12.0 

-50 




fjn = 1 .0 MHz, Rl = 50 Q, Cl = 1 0 pF 

4.5 

-40 





9.0 

-40 





12.0 

-40 


— 

Feedthrough Noise, Control to 

Vjn ^ 1 MHz Square Wave (tr = tf = 6 ns) 

4.5 

60 

mVpp 


Switch 

Adjust Rl at Setup so that Is = 0 A 

9.0 

130 



(Figure 7) 

Rl = 600 Q, Cl = 50 pF 

12.0 

200 




RL=10kQ, CL=10pF 

4.5 

30 





9.0 

65 





12.0 

100 


— 

Crosstalk Between Any Two Switches 

fjn = Sine Wave 

4.5 

-70 

dB 


(Figure 12) 

Adjust f|n Voltage to Obtain 0 dBm at V|s 

9.0 

-70 




fjn = 10 kHz, Rl = 600 Q, Cl = 50 pF 

12.0 

-70 




fjn = 1.0 MHz, Rl = 50 Q, Cl = 10 pF 

4.5 

-80 





9.0 

-80 





12.0 

-80 


THD 

Total Harmonic Distortion 

fjn = 1 kHz, Rl = 10 kQ, Cl = 50 pF 



% 


(Figure 14) 

THD = THDjvieasured ” THDsource 






Vjs = 4.0 Vpp sine wave 

4.5 

0.10 




V|s = 8.0 Vpp sine wave 

9.0 

0.06 




V|s = 11.0 Vpp sine wave 

12.0 

0.04 



* Guaranteed limits not tested. Determined by design and verified by qualification. 
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. ON RESISTANCE (OHMS) Ron . ON RESISTANCE (OHMS) Ron ■ ON RESISTANCE (OHMS) 


MC54/74HC4066 



Vjn, INPUT VOLTAGE (VOLTS), REFERENCED TO GND Vjn, INPUT VOLTAGE (VOLTS), REFERENCED TO GND 


Figure 1a. Typical On Resistance, Vcc = 2.0 V Figure 1b. Typical On Resistance, Vcc = 4.5 V 



Vjn: INPUT VOLTAGE (VOLTS), REFERENCED TO GND Vjn, INPUT VOLTAGE (VOLTS), REFERENCED TO GND 

Figure 1c. Typical On Resistance, Vcc = 0-0 V Figure Id. Typical On Resistance, Vcc = 9-0 V 



nl I I ^ ^ ^ I I I I I I I 

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 11 12 ^ GND 

Vjn, INPUT VOLTAGE (VOLTS), REFERENCED TO GND 













MC54/74HC4066 



Figure 3. Maximum Off Channel Leakage Current, 
Any One Channel, Test Set-Up 


Figure 4. Maximum On Channel Leakage Current, 
Test Set-Up 



*lncludes all probe and jig capacitance. ‘Includes all probe and jig capacitance. 


Figure 5. Maximum On-Channel Bandwidth 
Test Set-Up 


Figure 6. Off-Channel Feedthrough Isolation, 
Test Set-Up 


Vcc/2 Vcc/2 




‘Includes all probe and jig capacitance. 


Figure 7. Feedthrough Noise, ON/OFF Control to 
Analog Out, Test Set-Up 


Figure 8. Propagation Delays, Analog In to 
Analog Out 
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n 


♦ Vcc 


ANALOG IN 

14 

J 

ANALOG OUT 



”1 ON — 





r 

7 

SELECTED 

CONTROL 

INPUT 

Jvcc 


TEST 

POINT 


‘Includes all probe and jig capacitance. 



Figure 9. Propagation Delay Test Set-Up 


Figure 10. Propagation Delay, ON/OFF Control 
to Analog Out 





‘Includes all probe and jig capacitance. 


‘Includes all probe and jig capacitance. 


Figure 11. Propagation Delay Test Set-Up 


Figure 12. Crosstalk Between Any Two Switches, 
Test Set-Up 


Vcc 


N/C- 


-d 


14 


I OFF/QN [ - 


SELECTED 
7 CONTROL 
INPUT 


-N/C 


JTJT 


ON/OFF CONTROL. 



‘Includes all probe and jig capacitance. 


Figure 13. Power Dissipation Capacitance 
Test Set-Up 


Figure 14. Total Harmonic Distortion, Test Set-Up 
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FREQUENCY (kHz) 

Figure 15. Plot, Harmonic Distortion 


APPLICATION INFORMATION 

The ON/OFF Control pins should be at Vcc o'" logic 
levels, Vcc being recognized as logic high and GND being 
recognized as a logic low. Unused analog inputs/outputs 
may be left floating (not connected). However, it is advisable 
to tie unused analog inputs and outputs to Vqc of GND 
through a low value resistor. This minimizes crosstalk and 
feedthrough noise that may be picked-up by the unused I/O 
pins. 

The maximum analog voltage swings are determined by 
the supply voltages Vcc GND. The positive peak analog 
voltage should not exceed Vcc- Similarly, the negative peak 
analog voltage should not go below GND. In the example 


below, the difference between Vcc GND is twelve volts. 
Therefore, using the configuration in Figure 16, a maximum 
analog signal of twelve volts peak-to-peak can be con- 
trolled. 

When voltage transients above Vcc and/or below GND 
are anticipated on the analog channels, external diodes (Dx) 
are recommended as shown in Figure 17. These diodes 
should be small signal, fast turn-on types able to absorb the 
maximum anticipated current surges during clipping. An 
alternate method would be to replace the Dx diodes with 
MO«sorbs (Motorola high current surge protectors). 
MO*sorbs are fast turn-on devices ideally suited for precise 
DC protection with no inherent wear out mechanism. 



+ 12V-- 
OV — 



^ Vcc = 12V 


ANALOG I/O 


U 


ON 


SELECTED 

CONTROL 

INPUT 


ANALOG 0/1 


^Z 


— + 12V 


OV 


} OTHER CONTROL 
INPUTS 
(Vcc OR GND) 


Dx 


Vcc 


^ Vcc 


vcci 


16 

ON [■ 


SELECTED 

CONTROL 

INPUT 

7 


— 'I OTHER CONTROL 

— \ INPUTS 

— J (Vcc OR GND) 


Figure 16. 12 V Application 


Figure 17. Transient Suppressor Application 
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+ 5V 



ANALOG 

SIGNALS 


a. Using Puil-Up Resistors 


+5V 



Figure 18. LSTTL/NMOS to HCMOS Interface 



} 



ANALOG 

SIGNALS 


Figure 19. TTL/NMOS-to-CMOS Level Converter 
Analog Signal Peak-to-Peak Greater than 5 V 
(Also see HC4316) 


CHANNEL 4 


CHANNELS 


CHANNELS 


CHANNEL 1 



COMMON I/O 


1 2 3 4 


CONTROL INPUTS 



Figure 20. 4-Input Multiplexer 


Figure 21. Sample/Hoid Amplifier 
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SEMICONDUCTOR TECHNICAL DATA 


Product Preview 

Quad Analog Switch/ 
Multiplexer/Demultiplexer 

High-Performance Silicon-Gate CMOS 

The MC54/74HC4066A utilizes silicon-gate CMOS technology to 
achieve fast propagation delays, low ON resistances, and low OFF- 
channel leakage current. This bilateral switch/multiplexer/demultiplexer 
controls analog and digital voltages that may vary across the full 
power-supply range (from Vqc to GND). 

The HC4066A is identical in pinout to the metal-gate CMOS MC14016 
and MC14066. Each device has four independent switches. The device 
has been designed so that the ON resistances (Rqn) ore much more 
linear over input voltage than Rqn of metal-gate CMOS analog switches. 

This device is identical in both function and pinout to the HC4016A. 
The ON/OFF control inputs are compatible with standard CMOS outputs; 
with pullup resistors, they are compatible with LSTTL outputs. For analog 
switches with voltage-level translators, see the HC4316A. 

• Fast Switching and Propagation Speeds 

• High ON/OFF Output Voltage Ratio 

• Low Crosstalk Between Switches 

• Diode Protection on All Inputs/Outputs 

• Wide Power-Supply Voltage Range (Vcc “ GND) = 2.0 to 12.0 Volts 

• Analog Input Voltage Range (Vcc “ GND) = 2.0 to 12.0 Volts 

• Improved Linearity and Lower ON Resistance over Input Voltage than 
the MC14016 or MCI 4066 or HC4016A 

• Low Noise 

• Chip Complexity: 44 FETs or 11 Equivalent Gates 


LOGIC DIAGRAM 


Xa 


A ON/OFF CONTROL 


xb 


BON/OFF CONTROL 


xc 


CON/OFF CONTROL 


Xd 


D ON/OFF CONTROL 



PIN 14 = Vcc 


PIN 7 = GND 


MC54/74HC4066A 



J SUFFIX 

CERAMIC PACKAGE 
CASE 632-08 



N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 



D SUFFIX 

SOIC PACKAGE 
CASE751A-03 


DT SUFFIX 

TSSOP PACKAGE 
1 CASE 948G-01 


ORDERING INFORMATION 

MC54HCXXXXAJ Ceramic 
MC74HCXXXXAN Plastic 
MC74HCXXXXAD SOIC 
MC74HCXXXXADT TSSOP 



PIN ASSIGNMENT 

Xa[ 

1 • 

14 

] Vcc 




, A ON/OFF 

Ya[ 

2 

13 

J CONTROL 

Yb[ 

3 

12 

1 D ON/OFF 



■■ CONTROL 

Xb[ 

4 

11 

]Xd 

B ON/OFF r 




CONTROL L 

5 

10 

]Yd 

C ON/OFF [ 

6 

9 

]Yc 

CONTROL 




GND [ 

7 

8 

]Xc 


FUNCTION TABLE 


On/Off Control 

State of 

Input 

Analog Switch 

L 

Off 

H 

On 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

Positive DC Supply Voltage (Referenced to GND) 

-0.5 to + 14.0 

V 

V|S 

Analog Input Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

Vin 

Digital Input Voltage (Referenced to GND) 

-0.5 to Vqq + 0.5 

V 

1 

DC Current Into or Out of Any Pin 

±25 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC or TSSOP Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


Ceramic DIP: - 10 mW/°C from 100° to 125°C 
SOIC Package: -7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

Positive DC Supply Voltage (Referenced to GND) 

2.0 

12.0 

V 

Vis 

Analog Input Voltage (Referenced to GND) 

GND 

Vcc 

V 

Vin 

Digital Input Voltage (Referenced to GND) 

GND 

Vcc 

V 

V|0* 

Static or Dynamic Voltage Across Switch 

- 

1.2 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

V.tf 

Input Rise and Fall Time, ON/OFF Control 



ns 


Inputs (Figure 1 0) Vqq = 2.0 V 

0 

1000 



Vqq = 3.0 V 

0 

600 



Vqq = 4.5 V 

0 

500 



Vqq = 9.0 V 

0 

400 



Vqq = 12.0 V 

0 

250 



For voltage drops across the switch greater than 1 .2 V (switch on), excessive Vqq current may 
be drawn; i.e., the current out of the switch may contain both Vqq and switch input components. 
The reliability of the device will be unaffected unless the Maximum Ratings are exceeded. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) Vqq. 

Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 
I/O pins must be connected to a 
properly terminated line or bus. 


DC ELECTRICAL CHARACTERISTIC Digital Section (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Voltage 

Rqp = Per Spec 

2.0 

1.5 

1.5 

1.5 

V 


ON/OFF Control Inputs 


3.0 

2.1 

2.1 

2.1 





4.5 

3.15 

3.15 

3.15 





9.0 

6.3 

6.3 

6.3 





12.0 

8.4 

8.4 

8.4 


V|L 

Maximum Low-Level Voltage 

Ron = Spec 

2.0 

0.5 

0.5 

0.5 

V 


ON/OFF Control Inputs 


3.0 

0.9 

0.9 

0.9 





4.5 

1.35 

1.35 

1.35 





9.0 

2.7 

2.7 

2.7 





12.0 

3.6 

3.6 

3.6 


hn 

Maximum Input Leakage Current 
ON/OFF Control Inputs 

Vin = Vcc or GND 

12.0 

±0.1 

±1.0 

±1.0 

pA 

icc 

Maximum Quiescent Supply 

Vin = Vqq or GND 

6.0 

2 

20 

40 

pA 


Current (per Package) 

< 

O 

II 

o 

< 

12.0 

4 

40 

160 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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DC ELECTRICAL CHARACTERISTICS Analog Section (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

^on 

Maximum “ON” Resistance 

Vin = ViH 

2.0t 

— 

— 

— 

Q 



V|s = Vqq to GND 

3.0t 

— 

— 

— 




Is ^ 2.0 mA (Figures 1, 2) 

4.5 

120 

160 

200 





9.0 

70 

85 

100 





12.0 

70 

85 

100 




Vin = V,H 

2.0 

— 

— 

— 




V|s = Vqq or GND (Endpoints) 

3.0 

— 

— 

— 




Is ^ 2.0 mA (Figures 1, 2) 

4.5 

70 

85 

100 





9.0 

50 

60 

80 





12.0 

30 

60 

80 


^Hon 

Maximum Difference in “ON” 

Vin = V|H 

2.0 

— 

— 

_ 

Q. 


Resistance Between Any Two 

Vis = 1/2 (Vqq -GND) 

4.5 

20 

25 

30 



Channels in the Same Package 

Is 2.0 mA 

9.0 

15 

20 

25 





12.0 

15 

20 

25 


•off 

Maximum Off-Channel Leakage 

Vin = V|L 

12.0 

0.1 

0.5 

1.0 

pA 


Current, Any One Channel 

V|o = Vqq or GND 

Switch Off (Figure 3) 






•on 

Maximum On-Channel Leakage 

Vin = V|H 

12.0 

0.1 

0.5 

1.0 

pA 


Current, Any One Channel 

Vis = ^CC O'” 

(Figure 4) 







tAt supply voltage (Vqq) approaching 3 V the analog switch-on resistance becomes extremely non-linear. Therefore, for low-voltage 
operation, it is recommended that these devices only be used to control digital signals. 

NOTE; Information on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, ON/OFF Control Inputs: tp = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Analog Input to Analog Output 

2.0 

40 

50 

60 

ns 

IPHL 

(Figures 8 and 9) 

3.0 

30 

40 

50 




4.5 

5 

7 

8 




9.0 

5 

7 

8 




12.0 

5 

7 

8 


IPLZ- 

Maximum Propagation Delay, ON/OFF Control to Analog Output 

2.0 

80 

90 

110 

ns 

tPHZ 

(Figures 10 and 11) 

3.0 

60 

70 

80 




4.5 

20 

25 

35 




9.0 

20 

25 

35 




12.0 

20 

25 

35 


tpZL. 

Maximum Propagation Delay, ON/OFF Control to Analog Output 

2.0 

80 

90 

100 

ns 

tpZH 

(Figures 10 and 1 1) 

3.0 

45 

50 

60 




4.5 

20 

25 

30 




9.0 

20 

25 

30 




12.0 

20 

25 

30 


C 

Maximum Capacitance ON/OFF Control Input 

- 

10 

10 

10 

pF 


Control Input = GND 







Analog I/O 

— 

35 

35 

35 



Feedthrough 

— 

1.0 

1.0 

1.0 



NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vqc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Switch) (Figure 13)* 

15 


* Used to determine the no-load dynamic power consumption: Pq = CpD VQQ^f + Iqq Vqq. For load considerations, see Chapter 2. 
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ADDITIONAL APPLICATION CHARACTERISTICS (Voltages Referenced to GND Unless Noted) 


Symbol 

Parameter 

Test Conditions 

Vcc 

V 

Limit* 

25°C 

54^4HC 

Unit 

BW 

Maximum On-Channel Bandwidth or 

fjn = 1 MHz Sine Wave 

4.5 

150 

MHz 


Minimum Frequency Response 

Adjust fjn Voltage to Obtain 0 dBm at Vqs 

9.0 

160 



(Figure 5) 

Increase f|n Frequency Until dB Meter Reads - 3 dB 

12.0 

160 




Rl = 50 a Cl= lOpF 




— 

Off-Channel Feedthrough Isolation 

fjn = Sine Wave 

4.5 

-50 

dB 


(Figure 6) 

Adjust fjn Voltage to Obtain 0 dBm at V|s 

9.0 

-50 




fjn = 10 kHz, Rl = 600 Q, Cl = 50 pF 

12.0 

-50 




fjn = 1 .0 MHz, Rl = 50 Q, Cl = 1 0 pF 

4.5 

-40 





9.0 

-40 





12.0 

-40 


_ 

Feedthrough Noise, Control to 

Vjn ^ 1 MHz Square Wave (tf = tf = 6 ns) 

4.5 

60 

mVpp 


Switch 

Adjust Rl at Setup so that Is = 0 A 

9.0 

130 



(Figure 7) 

Rl = 600 a Cl = 5o pF 

12.0 

200 




Rl= lOka Cl= 10pF 

4.5 

30 





9.0 

65 





12.0 

100 


— 

Crosstalk Between Any Two Switches 

fjn = Sine Wave 

4.5 

-70 

dB 


(Figure 12) 

Adjust fjn Voltage to Obtain 0 dBm at V|s 

9.0 

-70 




fjn = 10 kHz, Rl = 600 a Cl = 50 pF 

12.0 

-70 




fjn = 1 .0 MHz, Rl = 50 a Cl = 10 pF 

4.5 

-80 





9.0 

-80 





12.0 

-80 


THD 

Total Harmonic Distortion 

fjn = 1 kHz, Rl = 10 kQ, Cl = 50 pF 



% 


(Figure 14) 

THD = THDjyieasured “ THDsource 






V|s = 4.0 Vpp sine wave 

4.5 

0.10 




V|s = 8.0 Vpp sine wave 

9.0 

0.06 




Vjs = 11.0 Vpp sine wave 

12.0 

0.04 



* Guaranteed limits not tested. Determined by design and verified by qualification. 
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Figure 1e. Typical On Resistance, Vcc = 12 V 


Figure 2. On Resistance Test Set-Up 
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Figure 3. Maximum Off Channel Leakage Current, Figure 4. Maximum On Channel Leakage Current, 

Any One Channel, Test Set-Up Test Set-Up 



*lncludes all probe and jig capacitance. ‘Includes all probe and jig capacitance. 

Figure 5. Maximum On-Channel Bandwidth Figure 6. Off-Channel Feedthrough Isolation, 

Test Set-Up Test Set-Up 



‘Includes all probe and jig capacitance. 

Figure 7. Feedthrough Noise, ON/OFF Control to 
Analog Out, Test Set-Up 



Figure 8. Propagation Delays, Analog In to 
Analog Out 


MOTOROLA 


3-658 


High-Speed CMOS Logic Data 
DL129 — Rev6 





MC54/74HG4066A 


n 


f Vcc 


ANALOG IN 

14 

-J 

ANALOG OUT 



ON 

y 




r 

7 

SELECTED 

CONTROL 

INPUT 

Vcc 


TEST 

POINT 


*lncludes all probe and jig capacitance. 



Figure 9. Propagation Delay Test Set-Up 


Figure 10. Propagation Delay, ON/OFF Control 
to Analog Out 



V|S 




*lncludes all probe and jig capacitance. 


‘Includes all probe and jig capacitance. 


Figure 11 . Propagation Delay Test Set-Up Figure 12. Crosstalk Between Any Two Switches, 

Test Set-Up 



-N/C 


V|S 

P 


0.1 pF 


fin o- 


Vos 

P 


ON \ - 


SELECTED 
7 CONTROL 
INPUT 


|Rl 

VcC /2 ■ 
1^ Vcc 


:Cl* 


TO 

DISTORTION 

METER 


‘Includes all probe and jig capacitance. 

Figure 13. Power Dissipation Capacitance Figure 14. Total Harmonic Distortion, Test Set-Up 

Test Set-Up 
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FREQUENCY (kHz) 

Figure 15. Plot, Harmonic Distortion 


APPLICATION INFORMATION 



The ON/OFF Control pins should be at Vcc o'" GND logic 
levels, Vcc being recognized as logic high and GND being 
recognized as a logic low. Unused analog inputs/outputs 
may be left floating (not connected). However, it is advisable 
to tie unused analog inputs and outputs to Vcc of GND 
through a low value resistor. This minimizes crosstalk and 
feedthrough noise that may be picked-up by the unused I/O 
pins. 

The maximum analog voltage swings are determined by 
the supply voltages Vcc ^nd GND. The positive peak analog 
voltage should not exceed Vcc- Similarly, the negative peak 
analog voltage should not go below GND. In the example 


below, the difference between Vcc GND is twelve volts. 
Therefore, using the configuration in Figure 16, a maximum 
analog signal of twelve volts peak-to-peak can be con- 
trolled. 

When voltage transients above Vcc and/or below GND 
are anticipated on the analog channels, external diodes (Dx) 
are recommended as shown in Figure 17. These diodes 
should be small signal, fast turn-on types able to absorb the 
maximum anticipated current surges during clipping. An 
alternate method would be to replace the Dx diodes with 
MO*sorbs (Motorola high current surge protectors). 
MO»sorbs are fast turn-on devices ideally suited for precise 
DC protection with no inherent wear out mechanism. 
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16 
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Figure 16. 12 V Application 


Figure 17. Transient Suppressor Application 
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ANALOG 

SIGNALS 


a. Using Pull-Up Resistors 


+ 5V 



ANALOG 

SIGNALS 


Figure 18. LSTTI_/NMOS to HCMOS Interface 


Vdd = 5V 


Vcc = 5T012V 


1 16 


ANALOG J 

1^ — 


14 



SIGNALS 1 
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MCI 4504 
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4 


6 


CONTROL 
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14 

1 

" INPUTS 
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10 


15 


7 
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SIGNALS 



Figure 19. TTiyNMOS-to-CMOS Level Converter 
Analog Signal Peak-to-Peak Greater than 5 V 
(Also see HC4316A) 


CHANNEL 4 
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CHANNEL 2 


CHANNEL 1 



COMMON I/O 
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CONTROL INPUTS 



Figure 20. 4-Input Multiplexer 


Figure 21. Sample/Hold Amplifier 
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SEMICONDUCTOR TECHNICAL DATA 


Triple 3-Input OR Gate 

High-Performance Silicon-Gate CMOS 

The MC74HC4075 is identical in pinout to the MC14075B. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

• Output Drive Capability: 1 0 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 42 FETs or 10.5 Equivalent Gates 


LOGIC DIAGRAM 



PIN14 = Vcc 
PIN7 = GND 


MC74HC4075 



N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 



D SUFFIX 

SOIC PACKAGE 
CASE 751 A-03 


ORDERING INFORMATION 

MC74HCXXXXN Plastic 
MC74HCXXXXD SOIC 


PIN ASSIGNMENT 


1 • 


A1 [ 

B1 [ 2 
A2[ 3 
B2[ 4 
C2 [ 5 
Y2C 6 
GND[ 7 


14 ] Vcc 
13 ]C3 
12 ] B3 
11 ]A3 
10 ] Y3 
9 ] Y1 
8 ] Cl 


FUNCTION TABLE 


Inputs 

Output 

A 

B 

c 

Y 

L 

L 

L 

L 

H 

X 

X 

H 

X 

H 

X 

H 

X 

X 

H 

H 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vcc + TS 

V 

Vout 

DC Output Voltage (Referenced to GND) 

— 0.5 to Vqq + 0.5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqc GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 


3 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••out^ — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|H orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l llout^ ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llout^ ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orViL 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out^ — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l WquX^ ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llout^ ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

± 1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

2 

20 

40 

pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tn tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input ^ = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Input A, B, or C to Output Y 

2.0 

115 

145 

175 

ns 

tPHL 

(Figures 1 and 2) 

4.5 

23 

29 

35 




6.0 

20 

25 

30 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 2) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 


1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Gate)* 

26 


* Used to determine the no-load dynamic power consumption: Pq = Cpp VQQ^f + |qq Vcc- For load considerations, see Chapter 2. 



TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 




* Includes all probe and jig capacitance 


Figure 1. Switching Waveforms 


Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 
(1/3 of the Device) 
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MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 


8-lnput NOR/OR Gate 

High-Performance Silicon-Gate CMOS 

The MC74HC4078 is similar to the CD4078B metal-gate CMOS device. 
The device inputs are compatible with standard CMOS outputs; with pullup 
resistors, they are compatible with LSTTL outputs. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 30 FETs or 7.5 Equivalent Gates 


LOGIC DIAGRAM 



Y 

X 


Y=A+B+C+D+E+F+G+H 

X=A+B+C+D+E+F+G+H 

PIN14 = Vcc 
PIN7 = GND 

PINS 6, 8 = NO CONNECTION 


MC74HC4078 



N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 



D SUFFIX 

SOIC PACKAGE 
CASE 751A-03 


ORDERING INFORMATION 

MC74HCXXXXN Plastic 
MC74HCXXXXD SOIC 


PIN ASSIGNMENT 




FUNCTION TABLE 



Outputs 

Inputs A through H 

Y 

X 

All Inputs L 

H 

L 

All Other Combinations 

L 

H 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

-0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

-1.5 to Vcc + 1-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 

V 

hn 

DC Input Current, per Pin 

±20 

mA 

lout 

DC Output Current, per Pin 

±25 

mA 

'cc 

DC Supply Current, Vqc ^nd GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DIPt 

SOIC Packaget 

750 

500 

mW 

Tstg 

Storage Temperature 

- 65 to + 1 50 

°C 

tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 




This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnOrVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

l^out^ — 20 jiA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

1 louti — 20 |iA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|HOi' V|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

l^outl — 20 |xA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l Houtl ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llouti ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

1 

o 

<N 

VI 

_p 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|L Hout' ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




Houtl ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


lin 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

^lA 

icc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

2 

20 

40 

pA 


Current (per Package) 

lout = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HC4078 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Any Input to Output Y 

2.0 

130 

165 

195 

ns 

tPHL 

(Figures 1 and 3) 

4.5 

26 

33 

39 




6.0 

22 

28 

33 


tPLH- 

Maximum Propagation Delay, Any Input to Output X 

2.0 

140 

175 

210 

ns 

tPHL 

(Figures 2 and 3) 

4.5 

28 

35 

42 




6.0 

24 

30 

36 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1, 2, and 3) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values ran be found in Chapter 2. 




Typical @ 25°C, Vqc = 5.0 V 

CPD 

Power Dissipation Capacitance (Per (Package)* 

29 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 


SWITCHING WAVEFORMS 





TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


4 : 


* Includes all probe and jig capacitance 

Figure 3. Test Circuit 
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SEMICONDUCTOR TECHNICAL DATA 


Quad Analog Switch/ 
Multiplexer/Demultiplexer with 
Separate Analog and Digital 
Power Supplies 

High-Performance Silicon-Gate CMOS 

The MC74HC431 6 utilizes silicon-gate CMOS technology to achieve fast 
propagation delays, low ON resistances, and low OFF-channel leakage 
current. This bilateral switch/multiplexer/demultiplexer controls analog and 
digital voltages that may vary across the full analog power-supply range 
(from Vcc to Vee)- 

The HC4316 is similar in function to the metal-gate CMOS MC14016 and 
MC14066, and to the High-Speed CMOS HC4016 and HC4066. Each 
device has four independent switches. The device control and Enable inputs 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. The device has been designed so that the 
ON resistances (Rqn) ^re much more linear over input voltage than Rqn of 
metal-gate CMOS analog switches. Logic-level translators are provided so 
that the On/Off Control and Enable logic-level voltages need only be Vqq 
and GND, while the switch is passing signals ranging between Vcc ^od Vee- 
When the Enable pin (active-low) is high, all four analog switches are turned 
off. 

• Logic-Level Translator for On/Off Control and Enable Inputs 

• Fast Switching and Propagation Speeds 

• High ON/OFF Output Voltage Ratio 

• Diode Protection on All Inputs/Outputs 

• Analog Power-Supply Voltage Range (Vqc “ Vee) = 2.0 to 12.0 Volts 

• Digital (Control) Power-Supply Voltage Range (Vqq - GND) = 2.0 to 
6.0 Volts, Independent of Vee 

• Improved Linearity of ON Resistance 

• Chip Complexity: 66 FETs or 1 6.5 Equivalent Gates 

LOGIC DIAGRAM 



■Ya 


•Yb 


•Yc 


■Yd 


ANALOG 

OUTPUTS/INPUTS 


PIN 16 = Vcc 
PIN 8 = GND 
PIN 9 = Vee 
GND > Vee 


MC74HC4316 



PIN ASSIGNMENT 

XaC 

1 • 

16 

] Vcc 

YaE 

2 

15 

T A ON/OFF 
CONTROL 

Yb[ 

3 

14 

-1 DON/OFF 
CONTROL 

Xb [ 

4 

13 

] Xd 

B ON/OFF r 
CONTROL L 

5 

12 

]Yd 

CON/OFF r 
CONTROL '■ 

6 

11 

]Yc 

ENABLE [ 

7 

10 

]Xc 

GND [ 

8 

9 

]Vee 






FUNCTION TABLE 


Inputs 

State of 
Analog 
Switch 

Enable 

On/Off 

Control 

L 

H 

On 

L 

L 

Off 

H 

X 

Off 


X = don’t care 



ANALOG INPUTS/OUTPUTS = Xa, Xb, Xc, Xq 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

Positive DC Supply Voltage (Ref. to GND) 

(Ref. to Vee) 

- 0.5 to + 7.0 
-0.5 to + 14.0 

V 

Vee 

Negative DC Supply Voltage (Ref. to GND) 

-7.0 to + 0.5 

V 

V|S 

Analog Input Voltage 

Vee - 0-5 
fo Vqq + 0.5 

V 

Vin 

DC Input Voltage (Ref. to GND) 

- 1 .5 to Vqq + 1.5 

V 

1 

DC Current Into or Out of Any Pin 

±25 

mA 

m 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW 

11^91 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (Vjp or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc). 
Unused outputs must be left open. 
I/O pins must be connected to a 
properly terminated line or bus. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 



Unit 

Vcc 

Positive DC Supply Voltage (Ref. to GND) 

2.0 



Vee 

Negative DC Supply Voltage (Ref. to GND) 

-6.0 

GND 

V 

V|S 

Analog Input Voltage 

Vee 



Vin 

Digital Input Voltage (Ref. to GND) 



D 

ViO* 

Static or Dynamic Voltage Across Switch 

- 

IB 

D 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

B 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Control or Enable Inputs) 

Vqq = 4.5 V 

0 

500 



(Figure 10) 

Vqq = 6.0 V 

0 

400 



* For voltage drops across the switch greater than 1 .2 V (switch on), excessive Vqq current may 
be drawn; i.e., the current out of the switch may contain both Vqq and switch input components. 
The reliability of the device will be unaffected unless the Maximum Ratings are exceeded. 



DC ELECTRICAL CHARACTERISTICS Digital Section (Voltages Referenced to GND) Vee = GND Except Where Noted 















m 

Symbol 

Parameter 

Test Conditions 






V|H 

Minimum High-Level Voltage, 

Ron = Per Spec 




HB9I 

V 


Control or Enable Inputs 













BB 


V|L 

Maximum Low-Level Voltage, 

Ron = Per Spec 

2.0 

0.3 

0.3 

0.3 

V 


Control or Enable Inputs 


4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


•in 

Maximum Input Leakage 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 


Current, Control or Enable 

Inputs 

Vee = - 6.0 V 






•cc 

Maximum Quiescent Supply 

Vin = Vcc or GND 





pA 


Current (per Package) 

V|o = 0 V Vee = gnd 

6.0 

2 

20 

40 




Vee = -6.0 

6.0 

8 

80 

160 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HC4316 


DC ELECTRICAL CHARACTERISTICS Analog Section (Voltages Referenced to V^e) 







Guaranteed Limit 





Vcc 

Vee 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

V 

25° C 

< 85°C 

< 125°C 

Unit 

f^on 

Maximum “ON” Resistance 

Vin = VlH 

2.0* 

0.0 

— 

— 

— 

n 



Vis = Vcc to Vee 

45 

0.0 

210 

230 

250 




Is < 2.0 mA (Figures 1, 2) 

4.5 

-4.5 

95 

105 

110 





6.0 

-6.0 

75 

85 

90 




Vin = V|H 

2.0 

0.0 

— 

— 

— 




Vis = Vco or Vee (Endpoints) 

4.5 

0.0 

100 

110 

130 




Is s 2.0 mA (Figures 1 , 2) 

4.5 

-4.5 

80 

90 

100 





6.0 

-6.0 

70 

80 

90 


-^^on 

Maximum Difference in “ON” 

Vin = V|H 

2.0 

0.0 

— 

— 

— 

a 


Resistance Between Any Two 

Vis = 1/2(Vcc-Vee) 

4.5 

0.0 

20 

30 

40 



Channels in the Same Package 

Is ^ 2.0 mA 

4.5 

-4.5 

15 

25 

30 





6.0 

-6.0 

10 

20 

25 


'off 

Maximum Off-Channel Leakage 

Vin = V|L 

6.0 

-6.0 

0.1 

0.5 

1.0 

pA 


Current, Any One Channel 

V |0 = Vcc or Vee 

Switch Off (Figure 3) 







*on 

Maximum On-Channel Leakage 

Vin = V|H 

6.0 

-6.0 

0.1 

0.5 

1.0 

pA 


Current, Any One Channel 

VlS = Vcc or Vee 

(Figure 4) 








* At supply voltage (Vqq - V^e) approaching 2 V the analog switch-on resistance becomes extremely non-linear. Therefore, for low-voltage 
operation, it is recommended that these devices only be used to control digital signals. 


NOTE: Information on typical parametric values can be found In Chapter 2. 



AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Control or Enable V = tf = 6 ns, Vee = GND) 


Symbol 

Parameter 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Analog Input to Analog Output 

2.0 

50 

75 

90 

ns 

tPHL 

(Figures 8 and 9) 

4.5 

10 

15 

18 




6.0 

10 

13 

15 


tpLZ. 

Maximum Propagation Delay, Control or Enable to Analog Output 

2.0 

250 

312 

375 

ns 

tpHZ 

(Figures 10 and 11) 

4.5 

50 

63 

75 




6.0 

43 

54 

64 


tpZL. 

Maximum Propagation Delay, Control or Enable to Analog Output 

2.0 

185 

220 

265 

ns 

tpZH 

(Figures 10 and 11) 

4.5 

53 

66 

75 




6.0 

45 

56 

68 


C 

Maximum Capacitance ON/OFF Control 

— 

10 

10 

10 

pF 


and Enable Inputs 







Control Input = GND 







Analog I/O 

— 

35 

35 

35 



Feedthrough 

— 

1.0 

1.0 

1.0 



NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vqc = 5 0 V 

CPD 

Power Dissipation Capacitance (Per Switch) (Figure 13)* 

15 


* Used to determine the no-load dynamic power consumption: Pq = Cpp Vcc^f + Icc ^CC- load considerations, see Chapter 2. 
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ADDITIONAL APPLICATION CHARACTERISTICS (GND = 0 V) 





Vcc 

Vee 

Limit* 


Symbol 

Parameter 

Test Conditions 

V 

V 

25°C 

Unit 

BW 

Maximum On-Channel Bandwidth or 

fjn = 1 MHz Sine Wave 

2.25 

-2.25 

150 

MHz 


Minimum Frequency Response 

Adjust fjn Voltage to Obtain 0 dBm at Vqs 

4.50 

-4.50 

160 



(Figure 5) 

Increase fjn Frequency Until dB Meter 

Reads - 3 dB R|_ = 50 Q, Cl = 1 0 pF 

6.00 

-6.00 

160 


— 

Off-Channel Feedthrough Isolation 

fjn = Sine Wave 

2.25 

-2.25 

-50 

dB 


(Figure 6) 

Adjust fjn Voltage to Obtain 0 dBm at V|s 

4.50 

-4.50 

-50 




fjn = 10 kHz, Rl = 600 Q, Cl = 50 pF 

6.00 

-6.00 

-50 




fjn = 1.0 MHz, Rl = 50Q, Cl= lOpF 

2.25 

-2.25 

-40 





4.50 

-4.50 

-40 





6.00 

-6.00 

-40 


— 

Feedthrough Noise, Control to 

Vjn ^ 1 MHz Square Wave (tp = tf = 6 ns) 

2.25 

-2.25 

60 

mVpp 


Switch 

Adjust Rl at Setup so that Is = 0 A 

4.50 

-4.50 

130 



(Figure 7) 

Rl = 600 n, Cl = so pF 

6.00 

-6.00 

200 




Rl= 10 kQ, Cl= 10 pF 

2.25 

-2.25 

30 





4.50 

-4.50 

65 





6.00 

-6.00 

100 


— 

Crosstalk Between Any Two 

fjn = Sine Wave 

2.25 

-2.25 

-70 

dB 


Switches 

Adjust f jn Voltage to Obtain 0 dBm at V|s 

4.50 

-4.50 

-70 



(Figure 12) 

fjn = 10 kHz, Rl = 600 Q, Cl = 50 pF 

6.00 

-6.00 

-70 




fjn = 1.0 MHz, Rl = 50 n, Cl= lOpF 

2.25 

-2.25 

-80 





4.50 

-4.50 

-80 





6.00 

-6.00 

-80 


THD 

Total Harmonic Distortion 

fjn = 1 kHz, Rl = 10 kn. Cl = 50 pF 




% 


(Figure 14) 

THD = THDiyieasured “ THDsource 







V|s = 4.0 Vpp sine wave 

2.25 

-2.25 

0.10 




Vjs = 8.0 Vpp sine wave 

4.50 

-4.50 

0.06 




Vjs =11.0 Vpp sine wave 

6.00 

-6.00 

0.04 



* Limits not tested. Determined by design and verified by qualification. 
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, ON RESISTANCE (OHMS) Ron , ON RESISTANCE (OHMS) Ron . ON RESISTANCE (OHMS) 


300 


i 

m 


1 

125°C 





1 







L_ 





"C 

r 

L 





f 

-55° 






J 

1 ^ 


55= 




1.00 1.25 1.5 1.75 2.00 

E (VOLTS), REFERENCED TO Vee 

On Resistance, 

> - Vee = 2.0 V 


■I 

E 




4.0 5.0 6.0 7.0 8.0 9.0 

OE (VOLTS), REFERENCED TO Vee 

Typical On Resistance, 
:c-Vee = 90V 
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VCcLo 



Figure 3. Maximum Off Channel Leakage Current, 
Any One Channel, Test Set-Up 



^Includes all probe and jig capacitance. 

Figure 5. Maximum On-Channel Bandwidth 
Test Set-Up 



Figure 4. Maximum On Channel Leakage Current, 
Test Set-Up 



*lncludes all probe and jig capacitance. 

Figure 6. Off-Channel Feedthrough Isolation, 
Test Set-Up 



TEST 

POINT 


Includes all probe and jig capacitance. 

Figure 7. Feedthrough Noise, Control to Analog Out, 
Test Set-Up 



Figure 8. Propagation Delays, Analog In to 
Analog Out 
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‘ Vcc 


_rLJi. 


ANALOG I/O 




I ANALOG O/l ^ TEST 
“t POINT 

diSOpF* 


7 SELECTED 

8 CONTROL ■ 

9 INPUT 


*lncludes all probe and jig capacitance. 



Figure 9. Propagation Delay Test Set-Up 


Figure 10. Propagation Delay, ON/OFF Control 
to Analog Out 


I 1 POSITION © WHEN TESTING tpHZ AND tpzH 

0 POSITION @ WHEN TESTING tpLZ AND tpzL 


TEST 

POINT 



„ „ CONTROL 

JTTL ^ 


V|S 




‘Includes all probe and jig capacitance. 


‘Includes all probe and jig capacitance. 


Figure 11. Propagation Delay Test Set-Up Figure 12. Crosstalk Between Any Two Switches, 

Test Set-Up (Adjacent Channels Used) 



-N/C 



TO 

DISTORTION 

METER 


Figure 13. Power Dissipation Capacitance 
Test Set-Up 


Figure 14. Total Harmonic Distortion, Test Set-Up 
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1.0 


2.0 3.0 

FREQUENCY (kHz) 


Figure 15. Plot, Harmonic Distortion 


APPLICATION INFORMATION 



The Enable and Control pins should be at Vcc or GND 
logic levels, Vqq being recognized as logic high and GND 
being recognized as a logic low. Unused analog inputs/out- 
puts may be left floating (not connected). However, it is ad- 
visable to tie unused analog inputs and outputs to Vcc or 
Vee through a low value resistor. This minimizes crosstalk 
and feedthrough noise that may be picked up by the unused 
I/O pins. 

The maximum analog voltage swings are determined by 
the supply voltages Vcc ond Vee- The positive peak analog 
voltage should not exceed Vcc- Similarly, the negative peak 
analog voltage should not go below Vee- Io the example 


below, the difference between Vcc ond Vee 'S twelve volts. 
Therefore, using the configuration in Figure 16, a maximum 
analog signal of twelve volts peak-to-peak can be con- 
trolled. 

When voltage transients above Vcc and/or below Vee 
anticipated on the analog channels, external diodes (Dx) are 
recommended as shown in Figure 17. These diodes should 
be small signal, fast turn-on types able to absorb the maxi- 
mum anticipated current surges during clipping. An alternate 
method would be to replace the Dx diodes with MO*sorbs 
(Motorola high current surge protectors). MO*sorbs are fast 
turn-on devices ideally suited for precise dc protection with 
no inherent wear out mechanism. 


. Vcc = 6V 


+ 6V — 


-6V- 




ANALOG I/O 


.ev|J 


-6V 


_n 


16 

I ON \ 


SELECTED 

CONTROL 

INPUT 

vee 

8 


ANALOG 0/1 


. -.6V 

-6V 


il 


ENABLE CONTROL 
INPUTS 
(Vcc OR GND) 


Vcc 


Dx A ^CC 


u 


Vee 


16 

ON [ 


jn 


SELECTED 

CONTROL 

INPUT 

Vee 


k Dx 

Vee 


ENABLE CONTROL 
INPUTS 
(Vcc OR GND) 


Figure 16. 


Figure 17. Transient Suppressor Appiication 
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Vcc = 5V +5V 



a. Using Pull-Up Resistors 


b. Using HCT Buffer 


Figure 18. LSTTL/NMOS to HCMOS Interface 





ANALOG 


12 Vpp 


^ vcc 


ANALOG 


SIGNAL ,1 ^ 

10F4 

SIGNAL 

1 1 1 

SWITCHES 


C $ R 4 



1 

Ri = R2 


▼ vee 

II 





12V 

0 


Figure 19. Switching a O-to-12 V Signal Using a 
Single Power Supply (GND 9^ 0 V) 



CHANNEL 4 


CHANNELS 


CHANNEL 2 


CHANNEL 1 



COMMON I/O 


1 2 3 4 


CONTROL INPUTS 


Figure 20. 4-Input Multiplexer 



Figure 21. Sample/Hold Amplifier 
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Product Preview 

Quad Analog Switch/ 
Multiplexer/Demultiplexer with 
Separate Anaiog and Digitai 
Power Suppiies 

High-Performance Silicon-Gate CMOS 

The MC74HC4316A utilizes silicon-gate CMOS technology to achieve 
fast propagation delays, low ON resistances, and low OFF-channel leakage 
current. This bilateral switch/multiplexer/demultiplexer controls analog and 
digital voltages that may vary across the full analog power-supply range 
(from Vcc to Vee)- 

The HC4316A is similar in function to the metal-gate CMOS MC14016 
and MC14066, and to the High-Speed CMOS HC4016A and HC4066A. 
Each device has four independent switches. The device control and Enable 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. The device has been designed so 
that the ON resistances (Rqn) ^tre much more linear over Input voltage than 
Ron metal-gate CMOS analog switches. Logic-level translators are 
provided so that the On/Off Control and Enable logic-level voltages need 
only be Vcc GND, while the switch Is passing signals ranging between 
Vcc ^nd Vee- When the Enable pin (active-low) Is high, all four analog 
switches are turned off. 

• Logic-Level Translator for On/Off Control and Enable Inputs 

• Fast Switching and Propagation Speeds 

• High ON/OFF Output Voltage Ratio 

• Diode Protection on All Inputs/Outputs 

• Analog Power-Supply Voltage Range (Vcc ~ Vee) = 2.0 to 12.0 Volts 

• Digital (Control) Power-Supply Voltage Range (Vcc " GND) = 2.0 to 
6.0 Volts, Independent of Vee 

• Improved Linearity of ON Resistance 

• Chip Complexity: 66 FETs or 16.5 Equivalent Gates 

LOGIC DIAGRAM 



Ya 


Yb 


YC 


Yd 


ANALOG 

OUTPUTS/INPUTS 


PIN 16 = Vcc 
PIN 8 = GND 
PIN 9 = Vee 
GND > Vee 


ANALOG INPUTS/OUTPUTS = Xa, Xb, Xc. Xq 


MC74HC4316A 


1 

N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 

1 

D SUFFIX 

SOIC PACKAGE 

CASE 751 B-05 

1 

DT SUFFIX 

TSSOP PACKAGE 
CASE 948G-01 

ORDERING INFORMATION 

MC74HCXXXXAN Plastic 
MC74HCXXXXAD SOIC 

MC74HCXXXXADT TSSOP 


PIN ASSIGNMENT 

xaC 

1 • 

16 

]VCC 

Ya[ 

2 

15 

T A ON/OFF 

J CONTROL 

Yb[ 

3 

14 

ID ON/OFF 


CONTROL 

Xb [ 

4 

13 

]Xd 

B ON/OFF r 
CONTROL L 

5 

12 

]Yd 

CON/OFF 

comnoi 

6 

11 

]Vc 

ENABLE [ 

7 

10 

]Xc 

GND C 

8 

9 

]Vee 






FUNCTION TABLE 


Inputs 

State of 
Analog 
Switch 

Enable 

On/Off 

Control 

L 

H 

On 

L 

L 

Off 

H 

X 

Off 


X = don’t care 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MAXIMUM RATINGS* 


Symbol 

Parameter | 

Value 

Unit 

Vcc 

Positive DC Supply Voltage 

(Ref. to GND) 

- 0.5 to + 7.0 

V 



(Ref. to Vee) 

-0.5 to + 14.0 


Vee 

Negative DC Supply Voltage (Ref. to GND) 

- 7.0 to + 0.5 

V 

V|S 

Analog Input Voltage 

Vee - 0-5 
to Vqq + 0.5 

V 

Vin 

DC Input Voltage (Ref. to GND) 

- 0.5 to Vqq + 0.5 

V 

1 

DC Current Into or Out of Any Pin 

±25 

mA 

Pd 

Power Dissipation in Still Air 

Plastic DlPf 

750 

mW 



SOIC Package! 

500 




TSSOP Package! 

450 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP, SOIC or TSSOP Package) 

260 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functionai operation shouid be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

Positive DC Supply Voltage (Ref. to GND) 

2.0 

6.0 

V 

Vee 

Negative DC Supply Voltage (Ref. to GND) 

-6.0 

GND 

V 

V|S 

Analog Input Voltage 

Vee 

Vcc 

V 

Vin 

Digital Input Voltage (Ref. to GND) 

GND 

Vcc 

V 

V|0* 

Static or Dynamic Voltage Across Switch 

- 

1.2 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr. tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Control or Enable Inputs) 

Vqq = 3.0 V 

0 

600 



(Figure 10) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 



For voltage drops across the switch greater than 1 .2 V (switch on), excessive Vqc current may 
be drawn; i.e., the current out of the switch may contain both Vqc ^^d switch input components. 
The reliability of the device will be unaffected unless the Maximum Ratings are exceeded. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vcc)- 
Unused outputs must be left open. 
I/O pins must be connected to a 
properly terminated line or bus. 



DC ELECTRICAL CHARACTERISTICS Digital Section (Voltages Referenced to GND) Vee = GND Except Where Noted 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Voltage, 

Ron = P®'" Spec 

2.0 

1.5 

1.5 

1.5 

V 


Control or Enable Inputs 


3.0 

2.1 

2.1 

2.1 





4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Voltage, 

Ron = Per Spec 

2.0 

0.5 

0.5 

0.5 

V 

Control or Enable Inputs 


3.0 

0.9 

0.9 

0.9 





4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


•in 

Maximum Input Leakage 

Current, Control or Enable 

Vjn = Vqq or GND 

Vee = - 6.0 V 

6.0 

± 0.1 

± 1.0 

± 1.0 

pA 


Inputs 






•cc 

Maximum Quiescent Supply 

Vin = Vqq or GND 





pA 


Current (per Package) 

V|o = 0 V Vee = gnd 

6.0 

2 

20 

40 




Vee = ” 6.0 

6.0 

4 

40 

160 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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DC ELECTRICAL CHARACTERISTICS Analog Section (Voltages Referenced to Vee) 







Guaranteed Limit 





Vcc 

Vee 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

V 

25°C 

< 85“C 

< 125°C 

Unit 

Ron 

Maximum “ON” Resistance 

Vin = V|H 

2.0* 

0.0 

— 

— 

— 

Q 



Vis = Vcc to Vee 

45 

0.0 

160 

200 

240 




Is < 2.0 mA (Figures 1 , 2) 

4.5 

-4.5 

90 

110 

130 





6.0 

-6.0 

90 

110 

130 




Vin = V|H 

2.0 

0.0 

— 

— 

_ 




Vis = Vcc or Vee (Endpoints) 

4.5 

0.0 

90 

115 

140 




Is ^ 2.0 mA (Figures 1 , 2) 

4.5 

-4.5 

70 

90 

105 





6.0 

-6.0 

70 

90 

105 


^Ron 

Maximum Difference in “ON” 

Vin = V|H 

2.0 

0.0 

— 


— 

Q 


Resistance Between Any Two 

V|s = 1/2(Vcc-Vee) 

4.5 

0.0 

20 

25 

30 



Channels in the Same Package 

Is ^ 2.0 mA 

4.5 

-4.5 

15 

20 

25 





6.0 

-6.0 

15 

20 

25 


'off 

Maximum Off-Channel Leakage 

Vin = V|L 

6.0 

-6.0 

0.1 

0.5 

1.0 

pA 


Current, Any One Channel 

V|0 = Vcc or Vee 

Switch Off (Figure 3) 







'on 

Maximum On-Channel Leakage 

Vin = V|H 

6.0 

-6.0 

0.1 

0.5 

1.0 

pA 


Current, Any One Channel 

V|S = VcCorVEE 
(Figure 4) 








* At supply voltage (Vcc - Vee) approaching 2 V the analog switch-on resistance becomes extremely non-linear. Therefore, for low-voltage 
operation, it is recommended that these devices only be used to control digital signals. 


NOTE: Information on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Control or Enable V = tf = 6 ns, Vee = GND) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Analog Input to Analog Output 

2.0 

40 

50 

60 

ns 

tPHL 

(Figures 8 and 9) 

4.5 

6 

8 

9 




6.0 

5 

7 

8 


tPLZ. 

Maximum Propagation Delay, Control or Enable to Analog Output 

2.0 

130 

160 

200 

ns 

tPHZ 

(Figures 10 and 11) 

4.5 

40 

50 

60 




6.0 

30 

40 

50 


tPZL. 

Maximum Propagation Delay, Control or Enable to Analog Output 

2.0 

140 

175 

250 

ns 

tpZH 

(Figures 10 and 11) 

4.5 

40 

50 

60 




6.0 

30 

40 

50 


C 

Maximum Capacitance ON/OFF Control 

— 

10 

10 

10 

pF 


and Enable Inputs 







Control Input = GND 







Analog I/O 

— 

35 

35 

35 



Feedthrough 

— 

1.0 

1.0 

1.0 



NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found In Chapter 2. 





Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Switch) (Figure 13)* 

15 


* Used to determine the no-load dynamic power consumption: Pp = CpD VQc^f + |qq Vqq. For load considerations, see Chapter 2. 
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ADDITIONAL APPLICATION CHARACTERISTICS {GND = 0 V) 





Vcc 

Vee 

Limit* 


Symbol 

Parameter 

Test Conditions 

V 

V 

25°C 

Unit 

BW 

Maximum On-Channel Bandwidth or 

fjn = 1 MHz Sine Wave 

2.25 

-2.25 

150 

MHz 


Minimum Frequency Response 

Adjust fjn Voltage to Obtain 0 dBm at Vqs 

4.50 

-4.50 

160 



(Figure 5) 

Increase fjp Frequency Until dB Meter 

Reads- 3 dB R|_ = 50 Ci_ = 10 pF 

6.00 

-6.00 

160 


_ 

Off-Channel Feedthrough Isolation 

fjn = Sine Wave 

2.25 

-2.25 

-50 

dB 


(Figure 6) 

Adjust fjn Voltage to Obtain 0 dBm at V|s 

4.50 

-4.50 

-50 




fjn = 1 0 kHz, Rl = 600 Q, Cl = 50 pF 

6.00 

-6.00 

-50 




fjn = 1 .0 MHz, Rl = 50 Q, Cl = 1 0 pF 

2.25 

-2.25 

-40 





4.50 

-4.50 

-40 





6.00 

-6.00 

-40 


— 

Feedthrough Noise, Control to 

Vjn 1 MHz Square Wave (tr = tf = 6 ns) 

2.25 

-2.25 

60 

mVpp 


Switch 

Adjust Rl at Setup so that Is = 0 A 

4.50 

-4.50 

130 



(Figure 7) 

Rl = 600 Q, Cl = 50 pF 

6.00 

-6.00 

200 




RL=10kQ, CL=10pF 

2.25 

-2.25 

30 





4.50 

-4.50 

65 





6.00 

-6.00 

100 


— 

Crosstalk Between Any Two 

fjn = Sine Wave 

2.25 

-2.25 

-70 

dB 


Switches 

Adjust fjn Voltage to Obtain 0 dBm at V|s 

4.50 

-4.50 

-70 



(Figure 12) 

fjn = 10 kHz, Rl = 600 Q, Cl = 50 pF 

6.00 

-6.00 

-70 




fjn = 1 .0 MHz, Rl = 50 Q, Cl = 1 0 pF 

2.25 

-2.25 

-80 





4.50 

-4.50 

-80 





6.00 

-6.00 

-80 


THD 

Total Harmonic Distortion 

fjn = 1 kHz, Rl = 10 kQ, Cl = 50 pF 




% 


(Figure 14) 

THD = THD|\/|easured "THDsource 







V|s = 4.0 Vpp sine wave 

2.25 

-2.25 

0.10 




V|s = 8.0 Vpp sine wave 

4.50 

-4.50 

0.06 




V|s = 11.0 Vpp sine wave 

6.00 

-6.00 

0.04 



* Limits not tested. Determined by design and verified by qualification. 
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Figure 1a. Typical On Resistance, 
VcC-Vee = 2.0V 


Figure 1b. Typical On Resistance, 
Vcc - Vee = 4.5 V 



Figure 1c. Typical On Resistance, 
Vcc - Vee = 6.0 V 


Figure Id. Typical On Resistance, 
Vcc - Vee = 9 0 V 



PROGRAMMABLE 

POWER 

SUPPLY 



Figure 1e. Typical On Resistance, 


Figure 2. On Resistance Test Set-Up 
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VCcLo 




Figure 3. Maximum Off Channel Leakage Current, 
Any One Channel, Test Set-Up 


Figure 4. Maximum On Channel Leakage Current, 
Test Set-Up 


V|S 



*lncludes all probe and jig capacitance. ‘Includes all probe and jig capacitance. 

Figure 5. Maximum On-Channel Bandwidth Figure 6. Off-Channel Feedthrough Isolation, 

Test Set-Up Test Set-Up 



Figure 7. Feedthrough Noise, Control to Analog Out, Figure 8. Propagation Delays, Analog In to 

Test Set-Up Analog Out 
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‘ Vcc 


jT_n. 


ANALOG I/O 


ON 


I ANALOG O/l _ TEST 
POINT 


T 


50 pF* 


7 SELECTED 

8 CONTROL . 

9 INPUT 


*lncludes all probe and jig capacitance. 



Figure 9. Propagation Deiay Test Set-Up 


Figure 10. Propagation Deiay, ON/OFF Controi 
to Anaiog Out 




V|s 



TEST 

POINT 


*lncludes all probe and jig capacitance. 


‘Includes all probe and jig capacitance. 


Figure 11 . Propagation Delay Test Set-Up Figure 12. Crosstalk Between Any Two Switches, 

Test Set-Up (Adjacent Channels Used) 


N/C 


Vee 



\ ON/OFF [ 


7 

8 selected 

9 CONTROL 

INPUT 


nn CONTROL 


N/C 



Figure 13. Power Dissipation Capacitance 
Test Set-Up 


Figure 14. Total Harmonic Distortion, Test Set-Up 
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1.0 


2.0 3.0 

FREQUENCY (kHz) 


Figure 15. Plot, Harmonic Distortion 


APPLICATION INFORMATION 

The Enable and Control pins should be at Vqc or GND 
logic levels, Vqc being recognized as logic high and GND 
being recognized as a logic low. Unused analog inputs/out- 
puts may be left floating (not connected). However, it Is ad- 
visable to tie unused analog inputs and outputs to Vcc or 
Vee through a low value resistor. This minimizes crosstalk 
and feedthrough noise that may be picked up by the unused 
I/O pins. 

The maximum analog voltage swings are determined by 
the supply voltages Vcc ^od Vee- The positive peak analog 
voltage should not exceed VcC- Similarly, the negative peak 
analog voltage should not go below Vee- In the example 


below, the difference between Vcc ^nd Vee 's twelve volts. 
Therefore, using the configuration in Figure 16, a maximum 
analog signal of twelve volts peak-to-peak can be con- 
trolled. 

When voltage transients above Vcc and/or below Vee are 
anticipated on the analog channels, external diodes (Dx) are 
recommended as shown in Figure 17. These diodes should 
be small signal, fast turn-on types able to absorb the maxi- 
mum anticipated current surges during clipping. An alternate 
method would be to replace the Dx diodes with MO*sorbs 
(Motorola high current surge protectors). MO*sorbs are fast 
turn-on devices ideally suited for precise dc protection with 
no inherent wear out mechanism. 


.6V-. 

_6v- vy 


ANALOG I/O 




Vcc = 6V 


ON 


ANALOG O/l 




— + 6V 


-6V 


+ 6VA SELECTED 
CONTROL 
INPUT 



} ENABLE CONTROL 
INPUTS 
(Vcc OR GND) 



Figure 16. 


Figure 17. Transient Suppressor Application 
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Vcc = 5V 




a. Using Pull-Up Resistors 


b. Using HCT Buffer 


Figure 18. LSTTL/NMOS to HCMOS Interface 

►Vcc = 12V 

Ri 

|GND = 6V 

- 

♦Vee = 0V 




lINh^UI 

SIGNAL ,, 


10F4 

UUIf^UI 

SIGNAL 

II 

C 

^ Ra 

SWITCHES 



Kee 

Ri=R2 

R3 = R4 



Figure 19. Switching a O-to-12 V Signal Using a 
Single Power Supply (GND 0 V) 



10F4 

SWITCHES 


liBiiii 



1 2 3 4 

CONTROL INPUTS 

Figure 20. 4-Input Multiplexer 


10F4 

SWITCHES 


^LF356 0R 
EQUIVALENT 


Figure 21. Sample/Hold Amplifier 
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SEMICONDUCTOR TECHNICAL DATA 


Analog Multiplexers/ 
Demultiplexers with 
Address Latch 

High-Performance Silicon-Gate CMOS 

The MC54/74HC4351, and l\/lC54/74HC4353 utilize silicon-gate CMOS 
technology to achieve fast propagation delays, low ON resistances, and low 
OFF leakage currents. These analog multiplexers/demultiplexers control 
analog voltages that may vary across the complete power supply range 
(from Vcc to Vee)- 

The Channel-Select inputs determine which one of the Analog Inputs/ 
Outputs is to be connected, by means of an analog switch, to the Common 
Output/Input. The data at the Channel-Select inputs may be latched by 
using the active-low Latch Enable pin. When Latch Enable is high, the latch 
is transparent. When either Enable 1 (active low) or Enable 2 (active high) is 
inactive, all analog switches are turned off. 

The Channel-Select and Enable inputs are compatible with standard 
CMOS outputs; with pullup resistors, they are compatible with LSTTL 
outputs. 

These devices have been designed so that the ON resistance (Ron) 'S 
more linear over input voltage than Ron of metal-gate CMOS analog 
switches. 

For multiplexers/demultiplexers without latches, see the HC4051, 
HC4052, and HC4053. 

• Fast Switching and Propagation Speeds 

• Low Crosstalk Between Switches 

• Diode Protection on All Inputs/Outputs 

• Analog Power Supply Range (Vcq - Vee) = 2.0 to 1 2.0 V 

• Digital (Control) Power Supply Range (Vcc “ GND) = 2.0 to 6.0 V 

• Improved Linearity and Lower ON Resistance than Metal-Gate Types 

• Low Noise 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: HC4351 — 222 FETs or 55.5 Equivalent Gates 

HC4353 — 186 FETs or 46.5 Equivalent Gates 


MC54/74HC4351 

MC54/74HC4353 



1 


20 ^^ 

1 


J SUFFIX 

CERAMIC PACKAGE 
CASE 732-03 


N SUFFIX 

PLASTIC PACKAGE 
CASE 738-03 


DW SUFFIX 

SOIC PACKAGE 
CASE 751 D-04 


ORDERING INFORMATION 

MC54HCXXXXJ Ceramic 

MC74HCXXXXN Plastic 

MC74HCXXXXDW SOIC 


PIN ASSIGNMENT 
MC54/74HC4351 

X4 
X6 
NO 
X 
X7 
X5 

ENABLE 1 
ENABLE 2 

Vee 

GND 

NC = N0 CONNECTION 



Vcc 



10/95 
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LOGIC DIAGRAM 
MC54y74HC4351 

Single-Pole, 8-Position Plus Common Off and Address Latch 


4 COMMON 
^ OUTPUT/INPUT 


PIN 20 = Vcc 
PIN9 = Vee 
PIN10 = GND 
PINS3,14 = NC 

*When Latch Enable is low, the Channel 
Selection is latched and the Channel 
Address Latch does not change states. 


FUNCTION TABLE 
MC54/74HC4351 


I Control Inputs 

ON 

Channel 
(LE = H)* 

I Enable | 

Select 

1 

2 

C 

B 

A 

L 

H 

L 

L 

L 

XO 

L 

H 

L 

L 

H 

X1 

L 

H 

L 

H 

L 

X2 

L 

H 

L 

H 

H 

X3 

L 

H 

H 

L 

L 

X4 

L 

H 

H 

L 

H 

X5 

L 

H 

H 

H 

L 

X6 

L 

H 

H 

H 

H 

X7 

H 

X 

X 

X 

X 

None 

X 

L 

X 

X 

X 

None 


X = don’t care 


ANALOG 

INPUTS/OUTPUTS 


XO- 
X1 - 
X2- 
X3- 
X4- 
X5- 
X6- 
X7- 


CHANNEL-SELECT 

INPUTS 


CHANNEL 

ADDRESS 

LATCH 


LATCH ENABLE - 


SWITCH f ENABLE 1 - 
ENABLES] enable 2- 


MULTIPLEXER/ 

DEMULTIPLEXER 




BLOCK DIAGRAM 
MC54/74HC4353 

Triple Single-Pole, Double-Position Plus Common Off and Address Latch 




PIN ASSIGNMENT 



FUNCTION TABLE 


NOTE: 

This device allows independent control of each switch. Channel-Select 
Input A controls the X Switch, Input B controls the Y Switch, and Input C 
controls the Z Switch. 


Control Inputs | 

On 

Channel 
(LE = H)* 

Enable 

Select 

1 

2 

C 

B 

A 

L 

H 

L 

L 

L 

ZO 

YO 

XO 

L 

H 

L 

L 

H 

zo 

YO 

X1 

L 

H 

L 

H 

L 

ZO 

Y1 

XO 

L 

H 

L 

H 

H 

zo 

Y1 

XI 

L 

H 

H 

L 

L 

Z1 

YO 

XO 

L 

H 

H 

L 

H 

Z1 

YO 

X1 

L 

H 

H 

H 

L 

Z1 

Y1 

XO 

L 

H 

H 

H 

H 

Z1 

Y1 

X1 

H 

X 

X 

X 

X 


None 


X 

L 

X 

X 

X 


None 



X = Don’t Care 


* When Latch Enable is low, the Channel Selection 
is latched and the Channel Address Latch does not 
change states. 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

Positive DC Supply Voltage (Ref. to GND) 

(Ref. to Vee) 

- 0.5 to + 7.0 
-0.5 to 14.0 

V 

vee 

Negative DC Supply Voltage (Ref. to GND) 

- 7.0 to + 0.5 

V 

V|S 

Analog Input Voltage 

Vee -0-5 
to Vqq + 0.5 

V 

Vin 

DC Input Voltage (Ref. to GND) 

-1.5 to Vqq + 1.5 

V 

1 

DC Current Into or Out of Any Pin 

±25 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 
SOIC Package! 

750 

500 

mW 

Tstg 

Storage Temperature 

- 65 to + 1 50 

°C 

Tl 

Lead Temperature, 1 mm from Case for 

1 0 Seconds (Plastic DIP or SOIC Package) 

(Ceramic DIP) 

260 

300 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP; - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

Positive DC Supply Voltage 

(Ref. to GND) 

2.0 

6.0 

V 



(Ref. to Vee) 

2.0 

12.0 


Vee 

Negative DC Supply Voltage 

(Ref. to GND) 

-6.0 

GND 

V 

V|S 

Analog Input Voltage 

Vee 

Vcc 

V 

Vin 

Digital input Voltage (Ref. to GND) 

GND 

Vcc 

V 

V|0* 

Static or Dynamic Voltage Across Switch 

- 

1.2 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tntf 

Input Rise and Fall Time, 

Vqq = 2.0 V 

0 

1000 

ns 


Channel Select or Enable 

Vqq = 4.5 V 

0 

500 



Inputs (Figure 9a) 

Vqq = 6.0 V 

0 

400 



For voltage drops across the switch greater than 1 .2 V (switch on), excessive Vqq current may 
be drawn; i.e., the current out of the switch may contain both Vqq and switch input components. 
The reliability of the device will be unaffected unless the Maximum Ratings are exceeded. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vj^ and 
Vout should be constrained to the 
ranges indicated in the Recom- 
mended Operating Conditions. 

Unused digital input pins must be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused Analog I/O pins may be left 
open or terminated. See Applica- 
tions Information. 


DC ELECTRICAL CHARACTERISTICS Digital Section (Voltages Referenced to GND) Vee = GND, Except Where Noted 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

V 

25°C 

< 85°C 

< 125°C 

Unit 

V|H 

Minimum High-Level Input 

Ron = Pei” Spec 

2.0 

1.5 

1.5 

1.5 

V 


Voltage, Channel-Select or 


4.5 

3.15 

3.15 

3.15 



Enable Inputs 


6.0 

4.2 

4.2 

4.2 


VlL 

Maximum Low-Level Input 

Rqp = Per Spec 

2.0 

0.3 

0.3 

0.3 

V 


Voltage, Channel-Select or 


4.5 

0.9 

0.9 

0.9 



Enable Inputs 


6.0 

1.2 

1.2 

1.2 


•in 

Maximum Input Leakage 

Vin = Vqq or GND, 

6.0 

±0.1 

±1.0 

±1.0 

liA 


Current, Channel-Select or 

Enable Inputs 

Vee = -6.0 V 






'cc 

Maximum Quiescent Supply 

Channel Select = Vqq or GND 





fa 


Current (per Package) 

Enables = Vqq or GND 

V|S = Vcc or GND Vee = GND 

6.0 

2 

20 

40 




Vio = 0 V Vee = -6.0 

6.0 

8 

80 

160 



NOTE; Information on typical parametric values can be found in Chapter 2. 
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Symbol 

Parameter 

Ron 

Maximum “ON” Resistance 

^Ron 

Maximum Difference in “ON” 
Resistance Between Any Two 
Channels in the Same Package 

'off 

Maximum Off-Channel Leakage 
Current, Any One Channel 


Test Conditions 

Vin = V|LorV|H 

V|S = Vcc *0 Vee 

Is < 2.0 mA (Figures 1 , 2) 

Vin = V|LorV|H 

V|S = Vcc O'' Vee (Endpoints) 

Is ^ 2.0 mA (Figures 1 , 2) 

Vin = V|LorV|H 

V|s = 1/2(Vcc-Vee) 

Is ^ 2.0 mA 
Vin = V|LorV|H 

Vio = Vcc-Vee 

Switch Off (Figure 3) 



Vin = V|LorV|H 

Switch to Switch = Vcc “ Vee 

(Figure 5) 


Vcc Vee 

V V 



6.0 -6.0 
"eio -6.0 


6.0 - 6.0 

6.0 - 6.0 



(Cl = 50 pF, Input t|- = tf = 6 ns) 



tpLH. Maximum Propagation Delay, Channel-Select to Analog Output 

tPHL (Figure 9) 


tpLH. Maximum Propagation Delay, Analog Input to Analog Output 

tPHL (Figure 10) 

tpLH- Maximum Propagation Delay, Latch Enable to Analog Output 

tPHL (Figure 12) 


LZ. Maximum Propagation Delay, Enable 1 or 2 to Analog Output 
HZ (Figure 11) 


Maximum Propagation Delay, Enable 1 or 2 to Analog Output 
(Figure 11) 


Cjn Maximum Input Capacitance 

C|/o Maximum Capacitance Analog I/O Enable 1 = V|h, Enable 2 = V|l 

Common 0/1: HC4351 
HC4353 

Feedthrough 

NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




10 

10 

10 

35 

35 

35 

130 

130 

130 

50 

50 

50 

1.0 

1.0 

1.0 



^ 

Typical @ 25°C, Vcc = 5-0 V 


CpD 

Power Dissipation Capacitance (Per Package) (Figure 14)* 

45 (HC4351) 

45 (HC4353) 

pF 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VpQ^f + |qq Vqq. For load considerations, see Chapter 2. 
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TIMING REQUIREMENTS (Input V = tf = 6 ns) 


Symbol 

Parameter 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

^su 

Minimum Setup Time, Channel-Select to Latch Enable 

2.0 

100 

125 

150 

ns 


(Figure 12) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


th 

Minimum Hold Time, Latch Enable to Channel Select 

2.0 

0 

0 

0 

ns 


(Figure 12) 

4.5 

0 

0 

0 




6.0 

0 

0 

0 


tw 

Minimum Pulse Width, Latch Enable 

2.0 

80 

100 

120 

ns 


(Figure 12) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tptf 

Maximum Input Rise and Fall Times, Channel-Select, Latch Enable, 

2.0 

1000 

1000 

1000 

ns 


and Enables 1 and 2 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 


ADDITIONAL APPLICATION CHARACTERISTICS (GND = 0.0 V) 







Limit* 





vcc 

VeE 

25°C 


Symbol 

Parameter 

Test Condition 

V 

V 

54/74HC 

Unit 

BW 

Maximum On-Channel Bandwidth or 

fjn = 1 MHz Sine Wave 




MHz 


Minimum Frequency Response 

Adjust fjn Voltage to Obtain 0 dBm at Vqs 



O 1 



(Figure 6) 

Increase fjp Frequency Until dB Meter 

2.25 

-2.25 

80 95 120 




Reads - 3 dB 

4.50 

-4.50 

80 95 120 




Rl = 50Q, Cl= lOpF 

6.00 

-6.00 

80 95 120 


— 

Off-Channel Feedthrough Isolation 

fjn = Sine Wave 




dB 


(Figure 7) 

Adjust fjn Voltage to Obtain 0 dBm at V|s 







fjn = 10 kHz, Rl = 600 Q, Cl = 50 pF 

2.25 

-2.25 

-50 





4.50 

-4.50 

-50 





6.00 

-6.00 

-50 




fjn = 1.0 MHz, RL = 50aCL = 10pF 

2.25 

-2.25 

-40 





4.50 

-4.50 

-40 





6.00 

-6.00 

-40 


— 

Feedthrough Noise, Channel Select 

Vjn ^ 1 MHz Square Wave 




mVpp 


Input to Common 0/1 

(tr = tf = 6 ns) 






(Figure 8) 

Adjust Rl at Setup so that Is = 0 A 







Enable = GND 

2.25 

-2.25 

25 




Rl = 600 Q, Cl = 50 pF 

4.50 

-4.50 

105 





6.00 

-6.00 

135 




RL = 10ka. CL=10pF 

2.25 

-2.25 

35 





4.50 

-4.50 

145 





6.00 

-6.00 

190 


— 

Crosstalk Between Any Two Switches 

fjn = Sine Wave 




dB 


(Figure 13) 

Adjust fjn Voltage to Obtain 0 dBm at Vjs 






(Test does not apply to HC4351) 

fjn = 1 0 kHz, Rl = 600 Q, Cl = 50 pF 

2.25 

-2.25 

-50 





4.50 

-4.50 

-50 





6.00 

-6.00 

-50 




fjn = 1 MHz, RL = 50a, CL=10pF 

2.25 

-2.25 

-60 





4.50 

-4.50 

-60 





6.00 

-6.00 

-60 


THD 

Total Harmonic Distortion 

fjn = 1 kHz, Rl = 10 kQ, Cl = 50 pF 




% 


(Figure 15) 

THD = THD Measured ~ THDsource 







V|s = 4.0 Vpp sine wave 

2.25 

-2.25 

0.10 




Vis = 8.0 Vpp sine wave 

4.50 

-4.50 

0.08 




V|s = 11.0 Vpp sine wave 

6.00 

-6.00 

0.05 



* Limits not tested. Determined by design and verified by qualification. 
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, ON RESISTANCE (OHMS) , ON RESISTANCE (OHMS) Ron . ON RESISTANCE (OHMS) 




0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 

V|s, INPUT VOLTAGE (VOLTS), REFERENCED TO Vee 

Figure 1e. Typical On Resistance, Vcc ” Vee = 12.0 V 


GND ▼ Vee 

Figure 2. On Resistance Test Set-Up 
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tf— H h— — M H— 1( 



Vcc 

GND 


Figure 9a. Propagation Delays, Channel Select 
to Analog Out 


nn 



TEST 

POINT 


CHANNEL SELECT 
‘Includes all probe and jig capacitance. 


Figure 9b. Propagation Delay, Test Set-Up Channel 
Select to Analog Out 



JTJT 



TEST 

POINT 


‘Includes all probe and jig capacitance. 


Figure 10a. Propagation Delays, Analog In to 
Analog Out 


Figure 10b. Propagation Delay, Test Set-Up 
Analog In to Analog Out 


OUT 


ENABLE ^ 

^50% ^ 

rz 



-^tpzL 

tPLZ— 


r- 

ANALOG 

OUT 


^50% 



^10% — 

— 



tPZH 

tPHZ— 


ANALOG 

7 

k50% ' 


‘ Vcc 

• GND 
HIGH 

IMPEDANCE 


HIGH 

IMPEDANCE 


POSITION © WHEN TESTING tpHZ AND tpzH 
_ I "_1_ POSITION @ WHEN TESTING tpLZ AND tpzL 
© 

Vcc ^ 4 1 I onl — I 



TEST 

POINT 


Figure 11a. Propagation Delay, Enable 1 or 2 
to Analog Out 


Figure 11b. Propagation Delay, Test Set-Up 
Enable to Analog Out 
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CHANNEL 

SELECT 


LATCH 
ENABLE 2 



^50% 




S 

tPLH. _ 

tnui 



A NALOG I/O 

i tVcc 



LATCH ENABLE 


CHANNEL SELECT 

‘Includes all probe and jig capacitance. 


Figure 12a. Propagation Delay, Latch Enable to 
Analog Out 


Figure 12b. Propagation Delay, Test Set-Up 
Latch Enable to Analog Out 


Hill 


Vcc Vee 



Includes all probe and jig capacitance. 

Figure 13. Crosstalk Between Any Two 
Switches, Test Set-Up 


ANALOG I/O 


Vcc 


■ 


CHANNEL SELECT 


Figure 14. Power Dissipation Capacitance, 
Test Set-Up 


0.1 pF 

in o II — 


Vcc A Vos 


:rl jCl* 


TO 

DISTORTION 

METER 


Includes all probe and jig capacitance. 

Figure 15a. Total Harmonic Distortion, Test Set-Up 


iiiS 

liir 

fill 

IP" 


-10 1 M l - FUNDAMENTAL FREQUENCY 
-20 
-30 
-40 
S -50 
-60 
-70 


hhlMAkAi 


3 2.0 

FREQUENCY (kHz) 

Figure 15b. Plot, Harmonic Distortion 
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APPLICATIONS INFORMATION 

The Channel Select and Enable control pins should be at 
Vcc o*” GND logic levels. Vcc being recognized as a logic 
high and GND being recognized as a logic low. In this 
example: 

Vcc = + 5 V = logic high 
GND = 0 V = logic low 

The maximum analog voltage swings are determined by 
the supply voltages Vcc ^^d Vee- The positive peak analog 
voltage should not exceed Vcc- Similarly, the negative peak 
analog voltage should not go below Vee- In this example, the 
difference between Vcc Vee 'S ten volts. Therefore, us- 
ing the configuration in Figure 16, a maximum analog signal 
of ten volts peak-to-peak can be controlled. Unused analog 
inputs/outputs may be left floating (i.e., not connected). How- 


ever, tying unused analog inputs and outputs to Vcc o*” 
through a low value resistor helps minimize crosstalk and 
feedthrough noise that may be picked up by an unused 
switch. 

Although used here, balanced supplies are not a require- 
ment. The only constraints on the power supplies are that: 

Vcc “ GND = 2 to 6 volts 
Vee “ GND = 0 to - 6 volts 
Vcc ~ Vee = 2 to 1 2 volts 
and Vee ^ GND 

When voltage transients above Vcc and/or below Vee 
anticipated on the analog channels, external Germanium or 
Schottky diodes (Dx) are recommended as shown In 
Figure 17. These diodes should be able to absorb the maxi- 
mum anticipated current surges during dipping. 


.5V-^ 

-5V— V/ 


ANALOG 


SIGNAL 


+5V I 


-5V 


ON 


7 15 

8 13 

9 12 

10 11 


+5V 


ANALOG 


. -.5V 

^--5V 


SIGNAL 


\ TO EXTERNAL CMOS 
[— I CIRCUITRY 

1— ( 0 TO 5 V DIGITAL 
J SIGNALS 



Figure 16. Application Example 


Figure 17. External Germanium or 
Schottky Clipping Diodes 


+ 5V 



a. Using Puil-Up Resistors 



Figure 18. Interfacing LSTTL/NMOS to CMOS Inputs 
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MC54/74HC4351 MC54/74HC4353 


FUNCTION DIAGRAM HC4351 



FUNCTION DIAGRAM HC4353 


















MOTOROLA 

SEMICONDUCTOR TECHNICAL DATA 



BCD-to-Seven-Segment Latch/ 
Decoder/Display Driver 

High-Performance Silicon-Gate CMOS 

The MC74HC4511 is identical in pinout to the MC14511 metal-gate 
CMOS decoder/driver. The device inputs are compatible with standard 
CMOS outputs; with pullup resistors, they are compatible with LSTTL 
outputs. 

The HC4511 provides the functions of a 4-bit storage latch, a BCD-to- 
seven-segment decoder, and a display driver. It can be used either directly 
or indirectly with seven-segment light-emitting diode (LED), incandescent, 
fluorescent, gas discharge, or liquid-crystal readouts. Lamp test (LT), 
blanking (Bl), and latch enable (LE) inputs are used to test the display, to turn 
off or pulse modulate the brightness of the display, and to store a BCD code, 
respectively. 

• Latch Storage of BCD Inputs 

• Blanking Input 

• Lamp Test Input 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 264 FETs or 66 Equivalent Gates 


LOGIC DIAGRAM 



SEVEN- 

SEGMENT 

DISPLAY- 

DRIVER 

OUTPUTS 


PIN16 = Vcc 
PIN8 = GND 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqq + 1 .5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

lout 

DC Output Current, per Pin 

±25 

mA 

icc 

DC Supply Current, Vqq and GND Pins 

±70 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Package! 

750 

500 

mW 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
fDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOIC Package: -7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin> Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 3) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjpi and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vniit = 0.1 V or Vqq -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

"out' — 20 pA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


VlL 

Maximum Low-Level Input 

Vout = 0.1 V or Vqq -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

"out' — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = V|HOr V|l 

2.0 

1.9 


1.9 



Voltage 

"out' — 20 pA 

4.5 



4.4 





6.0 



5.9 




Vin = V|H or V|l Hout' ^ 0 0 mA 

4.5 

3.98 

3.84 

3.70 




llout' — ^‘0 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H or V|l 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

"out' — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|HorV|L llout' ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llout' ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


'in 

Maximum Input Leakage Current 

Vin = Vqq or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

'cc 

Maximum Quiescent Supply 

Vin ~ Vqq or GND 

6.0 

8 

80 

160 

pA 


Current (per Package) 

'out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HC4511 


AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input V = tf = 6 ns) 


Symbol 

Parameter 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Input A, B, C, or D to Output 

2.0 

600 

750 

900 

ns 

tPHL 

(Figures 1 and 6) 

4.5 

120 

150 

180 




6.0 

102 

129 

153 


tPLH. 

Maximum Propagation Delay, Latch Enable to Output 

2.0 

600 

750 

900 

ns 

tPHL 

(Figures 2 and 6) 

4.5 

120 

150 

180 




6.0 

102 

129 

153 


tPLH. 

Maximum Propagation Delay, Blanking Input to Output 

2.0 

600 

750 

900 

ns 

tPHL 

(Figures 3 and 6) 

4.5 

120 

150 

180 




6.0 

102 

129 

153 


tPLH. 

Maximum Propagation Delay, Lamp Test to Output 

2.0 

600 

750 

900 

ns 

tPHL 

(Figures 4 and 6) 

4.5 

120 

150 

180 




6.0 

102 

129 

153 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 3 and 6) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES; 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 


CpD 


Power Dissipation Capacitance (Per Package)* 


Typical @ 25°C, Vqc = 5.0 V 


70 


pF 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VQQ^f + Iqq Vqc- For load considerations, see Chapter 2. 

TIMING REQUIREMENTS (Input V = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

^su 

Minimum Setup Time, Input A, B, C, or D to Latch Enable 

2.0 

100 

125 

150 

ns 


(Figure 5) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


th 

Minimum Hold Time, Latch Enable to Input A, B, C, or D 

2,0 

0 

0 

0 

ns 


(Figure 5) 

4.5 

0 

0 

0 




6.0 

0 

0 

0 


tw 

Minimum Pulse Width, Latch Enable 

2.0 

80 

100 

120 

ns 


(Figure 2) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tr. tf 

Maximum input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 3) 

4.5 

500 

500 

500 




6.0 

400 

400 

400 



NOTE: Information on typical parametric values can be found in Chapter 2. 
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SWITCHING WAVEFORMS 


INPUT Y 


A, B,C,ORD 

tPLH ■ 
ANY 
OPUTPUT 


- VALID - 


50% 


- VALID - 


}C 


yf~ 

/N GND 


INPUT LI 




■K 


50% / 


h — ^ 

I 

tpHL 



-* — tpLH — 

I - 

^50% 


S 

ANY 

OPUTPUT / 

^50% 



-tPHL 


Figure 1. 


Figure 2. 


Vcc 

GND 



Figure 3. 





•Vcc 

-GND 

Vcc 

GND 


TEST POINT 



0 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


4 : 


* Includes all probe and jig capacitance 


Figure 5. 


Figure 6. Test Circuit 
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FUNCTION TABLE 


Inputs 

Outputs I 

LE 

Bl 

LT 

D 

C 

B 

A 

a 

b 

c 

d 

e 

f 

9 

Display 

X 

X 

L 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

8 

X 

L 

H 

X 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

Blank 

L 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

L 

0 

L 

H 

H 

L 

L 

L 

H 

L 

H 

H 

L 

L 

L 

L 

1 

L 

H 

H 

L 

L 

H 

L 

H 

H 

L 

H 

H 

L 

H 

2 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

L 

L 

H 

3 

L 

H 

H 

L 

H 

L 

L 

L 

H 

H 

L 

L 

H 

H 

4 

L 

H 

H 

L 

H 

L 

H 

H 

L 

H 

H 

L 

H 

H 

5 

L 

H 

H 

L 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

6 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

7 

L 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

8 

L 

H 

H 

H 

L 

L 

H 

H 

H 

H 

L 

L 

H 

H 

9 

L 

H 

H 

H 

L 

H 

L 

L 

L 

L 

L 

L 

L 

L 

Blank 

L 

H 

H 

H 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 

Blank 

L 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

Blank 

L 

H 

H 

H 

H 

L 

H 

L 

L 

L 

L 

L 

L 

L 

Blank 

L 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 

Blank 

L 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

Blank 

H 

H 

H 

X 

X 

X 

X 

* 

* 


* = Depends upon the BCD code previously applied while LE was at a low level. 


PIN DESCRIPTIONS 


INPUTS 



A, B, C, D(Pins 7,1,2, 6) 

BCD inputs. A (pin 7) is the least significant bit and D (pin 
6) is the most significant bit. Hexadecimal code A-F at these 
inputs causes the outputs to assume a low level, offering an 
alternate method of blanking the display. 


OUTPUTS 

a, b, c, d, e, f, g (Pins 13, 12, 11, 10, 9, 15, 14) 

Decoded, buffered seven-segment display-driver out- 
puts. These outputs, unlike the MC14511, have CMOS driv- 
ers, which produce typical CMOS output voltage levels. 
These outputs are connected to various displays as shown in 
Figure 7. 


CONTROL INPUTS 
Bl (Pin 4) 

Active-low display blanking input. A low level on this input 
will cause all outputs to be held low, thereby blanking the dis- 
play. LT is the only input that overrides the Bl input. 

LT (Pin 3) 

Active-low lamp test. A low level on this input causes all 
outputs to assume a high level. This input allows the user to 
test all segments of a display with a single control input. This 
Input is independent of all other inputs. 

LE (Pin 5) 

Latch enable input. This input controls the 4-bit transpar- 
ent latch. A high level on this input latches the code present 
at the A, B, C and D inputs, a low level allows the code to be 
transmitted through the latch to the decoder. 
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OUTPUT CHARACTERISTIC CURVES (Vcc = 5 V) 




Vq, output voltage (VOLTS) Vq, OUTPUT VOLTAGE (VOLTS) 

* The expected minimum curves are not guarantees, but are design aids. 
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EXPANDED LOGIC DIAGRAM 
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Liquid-Crystal Display (LCD) Readout 



LED Readout 

COMMON 
CATHODE LED 


HC4511 


OUTPUT 


\\ 



Incandescent Readout 


APPROPRIATE 

VOLTAGE 



Gas Discharge Readout 


APPROPRIATE 

VOLTAGE 




Figure 7. Connections to Various Display Readouts 
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1-of-l6 Decoder/Demultiplexer 
with Address Latch 

High-Performance Silicon-Gate CMOS 

The MC74HC4514 is identical in pinout to the MC14514B metal-gate 
CMOS device. The device inputs are compatible with standard CMOS 
outputs, with pullup resistors; they are compatible with LSTTL outputs. 

This device consists of a 4-bit storage latch with a Latch Enable and Chip 
Select input. When a low signal is applied to the Latch Enable input, the 
Address is stored, and decoded. When the Chip Select Input Is high, all 
sixteen outputs are forced to a low level. 

The Chip Select input is provided to facilitate the chip-select, demultiplex- 
ing, and cascading functions. 

The demultiplexing function is accomplished by using the Address inputs 
to select the desired device output, and then by using the Chip Select as a 
data Input. 

• Output Drive Capability; 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
N0.7A 

• Chip Complexity: 268 FETs or 67 Equivalent Gates 


LOGIC DIAGRAM 


YO 

Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 ACTIVE-HIGH 

Y8 OUTPUTS 

Y9 

Y10 

Y11 

Y12 

Y13 

Y14 

Y15. 





10/95 

© Motorola, Inc. 1995 


3-706 


REV 6 


MOTOROLA 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 

V 

lin 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Package! 

750 

500 

mW 

"^stg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 

(Plastic DIP) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOIC Package; - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tr.tf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 



This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc). 
Unused outputs must be left open. 



DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vqq -0.1 V 



119 




Voltage 

••out^ — 20 |iA 














V|L 

Maximum Low-Level Input 

Vn.it = 0.1 V or Vqq -0.1 V 


0.3 





Voltage 

••out^ — 20 pA 

■9 

0.9 








1.2 




VOH 

Minimum High-Level Output 

Vin = ViH or V|l 


1.9 

1.9 

1.9 

V 


Voltage 

••out^ — 20 pA 

19 


4.4 

4.4 





6.0 


5.9 

5.9 




Vin = V|H or V|l IIquI^ ^ 4.0 mA 

4.5 







llout^ ^ 5.2 mA 

6.0 





VOL 

Maximum Low-Level Output 

Vin = V|HorV(L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

••out! — 20 pA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|i_ llout^ ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




Hout^ ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vqq or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

•cc 

Maximum Quiescent Supply 

Vin = Vqc or GND 

6.0 

8 



pA 


Current (per Package) 

•out = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input ^ = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

- 55 to 
25°C 

< 85°C 

< 125°C 

tPLH- 

Maximum Propagation Delay, Chip Select to Output Y 

2.0 

175 

220 

265 

ns 

tPHL 

(Figures 1 and 5) 

4.5 

35 

44 

53 




6.0 

30 

37 

45 


tPLH 

Maximum Propagation Delay, Input A to Output Y 

2.0 

230 

290 

345 

ns 


(Figures 2 and 5) 

4.5 

46 

58 

69 




6.0 

39 

49 

59 


tPHL 


2.0 

175 

220 

265 




4.5 

35 

44 

53 




6.0 

30 

37 

45 


tPLH 

Maximum Propagation Delay, Latch Enable to Output Y 

2.0 

230 

290 

345 

ns 


(Figures 3 and 5) 

4.5 

46 

58 

69 




6.0 

39 

49 

59 


¥hl 


2.0 

175 

220 

265 




4.5 

35 

44 

53 




6.0 

30 

37 

45 


tTLH- 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 5) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Gin 

Maximum Input Capacitance 

~ 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2, 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Package)* 

70 


* Used to determine the no-load dynamic power consumption; Pq = CpD VQQ^f + Iqq Vqq. For load considerations, see Chapter 2. 


TIMING REQUIREMENTS (Input ^ = tf = 6 ns) 


Symbol 

Parameter 

o 

o> 

> 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tsu 

Minimum Setup Time, Input A to Latch Enable 

2.0 

100 

125 

150 

ns 


(Figure 4) 

4.5 

20 

25 

30 




6.0 

17 

21 

26 


th 

Minimum Hold Time, Latch Enable to Input A 

2.0 

5 

5 

5 

ns 


(Figure 4) 

4.5 

5 

5 

5 




6.0 

5 

5 

5 


tyv 

Minimum Pulse Width, Latch Enable 

2.0 

80 

100 

120 

ns 


(Figure 3) 

4.5 

16 

20 

24 




6.0 

14 

17 

20 


tr. tf 

Maximum Input Rise and Fall Times 

2.0 

1000 

1000 

1000 

ns 


(Figure 1) 

4.5 

500 

500 

500 





400 

400 

400 



NOTE; Information on typical parametric values can be found in Chapter 2. 
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SWITCHING WAVEFORMS 



Figure 1. 



Figure 2. 



TEST POINT 



* Includes all probe and jig capacitance 


Figure 5. Test Circuit 
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FUNCTION TABLE 


Latch 

Enable 

Chip 

Select 

Address Inputs 

Selected 

Output 

(High) 

A3 

A2 

A1 

AO 

H 

L 

L 

L 

L 

L 

YO 

H 

L 

L 

L 

L 

H 

Y1 

H 

L 

L 

L 

H 

L 

Y2 

H 

L 

L 

L 

H 

H 

Y3 

H 

L 

L 

H 

L 

L 

Y4 

H 

L 

L 

H 

L 

H 

Y5 

H 

L 

L 

H 

H 

L 

Y6 

H 

L 

L 

H 

H 

H 

Y7 

H 

L 

H 

L 

L 

L 

Y8 

H 

L 

H 

L 

L 

H 

Y9 

H 

L 

H 

L 

H 

L 

Y10 

H 

L 

H 

L 

H 

H 

Y11 

H 

L 

H 

H 

L 

L 

Y12 

H 

L 

H 

H 

L 

H 

Y13 

H 

L 

H 

H 

H 

L 

Y14 

H 

L 

H 

H 

H 

H 

Y15 

X 

H 

X 

X 

X 

X 

All 

Outputs = L 

L 

L 

X 

X 

X 

X 

Latched 

Data 



PIN DESCRIPTIONS 
ADDRESS INPUTS 

AO, A1, A2, A3 (Pins 2, 3, 21, 22) 

Address inputs. These inputs are decoded to produce a 
high level on one of 16 outputs. The inputs are arranged 
such that A3 is the most-significant bit and AO is the least- 
significant bit. The decimal equivalent of the binary input 
address indicates which of the 16 data outputs, Y0-Y15, is 
selected. 

OUTPUTS 

YO- Y15 (Pins 11, 9, 10, 8, 7, 6, 5, 4, 18, 17, 20, 19, 14, 
13,16,15) 

Active-High Outputs. These outputs produce a high level 
when selected (Latch Enable = H, Chip Select = L) and are at 
a low level when not selected. 

CONTROL INPUTS 

Latch Enable (Pin 1) 

Latch Enable Input. A low level on this input stores the 
data on the Address data inputs in the 4-bit latch. A high 
level on the Latch Enable input makes the latch transparent 
and allows the outputs to follow the inputs. Note that the data 
is latched only while the Latch Enable input is at a low level. 

Chip Select (Pin 23) 

Chip Select Input. A high on this input produces a low level 
on all outputs, regardless of what appears at the address or 
Latch Enable inputs. A low level on the Chip Select input 
allows the selected output to produce a high level. 


TIMING DIAGRAM 


INPUT A 


LATCH ENABLE 


CHIP SELECT 


OUTPUT Y 
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EXPANDED LOGIC DIAGRAM 
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MC1 46805 


MC74HC4514 


MICROPROCESSOR MEMORY DECODING 


A12 

A11 

A10 

A9 

A8 



YO 

OOOO-OOFF 


Y1 

01 00-01 FF 


Y2 

- - 0200-02FF 

CHIP 

SELECT 

Y3 

0300-03FF 


Y4 

0400-04FF 

A3 

Y5 

0500-05FF 


Y6 

0600-06FF 

A2 § 

Y7 

0700-07FF 

o 

Y8 

0800-08FF 

A1 

Y9 

0900-09FF 


Y10 

OAOO-OAFF 

AO 

Y11 

OBOO-OBFF 


Y12 

OCOO-OCFF 


Y13 

ODOO-ODFF 

LATCH 

Y14 

OEOO-OEFF 

ENABLE 

Y15 

OFOO-OFFF 



.HC04 




+v- 



YO 

1000-1 OFF 


Y1 

1100-11FF 

CHIP 

Y2 

1 200-1 2FF 

SELECT 

Y3 

1 300-1 3FF 


Y4 

1 400-1 4FF 

A3 

Y5 

1 500-1 5FF 


Y6 

1 600-1 6FF 

A2 § 

Y7 

1 700-1 7FF 

o 

Y8 

1 800-1 8FF 

A1 

Y9 

1 900-1 9FF 


Y10 

1A00-1AFF 

AO 

Y11 

1 BOO-1 BFF 


Y12 

1 COO-1 CFF 


Y13 

1D00-1DFF 

LATCH 

Y14 

1E00-1EFF 

ENABLE 

Y15 

1F00-1FFF 
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SEMICONDUCTOR TECHNICAL DATA 


Dual Precision 
Monostable Multivibrator 
(Retriggerable, Resettable) 



The MC54/74HC4538A is identical in pinout to the MC14538B. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

This dual monostable multivibrator may be triggered by either the positive 
or, the negative edge of an input pulse, and produces a precision output 
pulse over a wide range of pulse widths. Because the device has conditioned 
trigger inputs, there are no trigger-input rise and fall time restrictions. The 
output pulse width is determined by the external timing components, Rx an^ 
Cx- The device has a reset function which forces the Q output low and the Q 
output high, regardless of the state of the output pulse circuitry. 

• Unlimited Rise and Fall Times Allowed on the Trigger Inputs 

• Output Pulse is Independent of the Trigger Pulse Width 

• ± 1 0% Guaranteed Pulse Width Variation from Part to Part (Using the 
Same Test Jig) 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directiy Interface to CMOS, NMOS and TTL 

• Operating Voltage Range: 3.0 to 6.0 V 

• Low Input Current: 1 .0 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 145 FETs or 36 Equivalent Gates 


LOGIC DIAGRAM 


Cx1 Rx1 



PIN16 = Vcc 

PIN8 = GND 

Rx AND Cx ARE EXTERNAL COMPONENTS 
PIN 1 AND PIN 15 MUST BE HARD WIRED TO GND 


MC54/74HC4538A 


J SUFFIX 

CERAMIC PACKAGE 
CASE 620-10 


N SUFFIX 

PLASTIC PACKAGE 
CASE 648-08 


D SUFFIX 

SOIC PACKAGE 
CASE 751B-05 


ORDERING INFORMATION 

MC54HCXXXXAJ Ceramic 
MC74HCXXXXAN Plastic 
MC74HCXXXXAD SOIC 




FUNCTION TABLE 


Inputs 1 

Outputs 

Reset 

A 

B 

Q Q 

H 

J- 

H 

XL IX 

H 

L 

•V 

XL IX 

H 

X 

L 

Not Triggered 

H 

H 

X 

Not Triggered 

H 

L,H,^ 

H 

Not Triggered 

H 

L 

L,H,^ 

Not Triggered 

L 

X 

X 

L H 


X 

X 

Not Triggered 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vqq + 1.5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vqq + 0.5 


'in 

DC Input Current, per Pin A, B, Reset 

±20 

mA 


Cx. Rx 

±30 


'out 

DC Output Current, per Pin 

±25 

mA 

'cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

Pd 

Power Dissipation in Still Air, Plastic or Ceramic DlPf 

750 

mW 


SOIC Packaget 

500 


Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 


°C 


(Plastic DIP or SOIC Package) 

260 



(Ceramic DIP) 

300 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
fDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

Ceramic DIP; - 10 mW/°C from 100° to 125°C 
SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


3 


*The maximum allowable values of Rx and Cx are a function of the leakage of capacitor Cx, the leakage of the HC4538A, and leakage due to 
board layout and surface resistance. For most applications, Cx/Rx should be limited to a maximum value of 1 0 pF/l .0 MQ. Values of Cx > 1 .0 pF 
may cause a problem during power down (see Power Down Considerations). Susceptibility to externally induced noise signals may occur for 
Rx > 1 .0 MQ. 

**The HC4538A will function at 2.0 V but for optimum pulse width stability, Vqq should be above 3.0 V. 

NOTE: Information on typical parametric values can be found in Chapter 2. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

3.0* ** 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tptf 

Input Rise and Fall Time 

Vqq = 2.0 V 

0 

1000 



(Figure 7) 

Vqq = 4.5 V 

0 

500 




Vqq = 6.0 V 

0 

400 



A or B (Figure 5) 

- 

No Limit 


f^x 

External Timing Resistor 

Vqq < 4.5 V 

1.0 

* 

kQ 



Vqq > 4.5 V 

2.0 

* 


Cx 

External Timing Capacitor 

0 

* 
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DC CHARACTERISTICS FOR THE MC54/74HC4538A 






Guaranteed Limits 






-55 to 


. 







Vcc 

25°C 

< 85°C 

< 125°C 


Symbol 

Parameter 

Test Conditions 

Volts 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

V|H 

Minimum High-Level 

Vout = 0.1 VorVcc-0.1 V 

2.0 

1.5 


1.5 


1.5 


V 


Input Voltage 

"out' — 20 pA 

4.5 

3.15 


3.15 


3.15 






6.0 

4.2 


4.2 


4.2 



V|L 

Maximum Low-Level 

Vout = 0.1 VorVcc-0.1 V 

2.0 


0.5 



HjjH 

0.5 

V 


Input Voltage 

"out' — 20 pA 

4.5 


1.35 




1.35 





6.0 


1.8 

m 



1.8 


VOH 

Minimum High-Level 

Vin = V|HorV|L 

2.0 

1.9 


1.9 


1.9 


V 


Output Voltage 

"out' — 20 pA 

4.5 

4.4 


4.4 


4.4 






6.0 

5.9 


5.9 


5.9 







3.98 



■ 








5.48 







VOL 

Maximum Low-Level 

Vin = V|HorV|L 

2.0 


0.1 


0.1 


0.1 

V 


Output Voltage 

"out' — 20 pA 

4.5 


0.1 


0.1 


0.1 





6.0 


0.1 


0.1 


0.1 




Vin = V|HorV|L 
llout' ^ 4.0 mA 

4.5 


0.26 


0.33 

■ 


■ 



llout' ^ 5.2 mA 

6.0 


0.26 


0.33 

■ 


■ 

'in 

Maximum Input 

Leakage Current 
(A, B, Reset) 

Vin = VcC orGND 

6.0 


±0.1 



■ 

^1^ 


'in 

Maximum input 

Leakage Current 

Cx) 

Vin = Vcc or 

6.0 





■ 



'cc 

Maximum Quiescent 

Vin = Vcc or GND 

6.0 




220 


350 



Supply Current 

01 and Q2 = Low 








m- 


(per package) 

Standby State 

'out = 0 pA 






■ 


■ 




- 45°C to 

-55°Cto 


25°C 

85°C 

125°C 





600 





icc 


Maximum Supply Current 
(per package) 

Active State 


Vin = VcC orGND 
Q1 and Q2 = High 
'out = 0 fiA 

Pins 2 and 14 = 0.5 Vcc 


6.0 
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AC CHARACTERISTICS FOR THE MC54/74HC4538A (Cl = 50 pF. Input ^ = tf = 6.0 ns) 


Symbol 

Parameter 

Vcc 

Volts 

Guaranteed Limits 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

Min 

Max 

Min 

Max 

Min 

Max 

tPLH 

Maximum Propagation Delay 

2.0 


175 


220 


265 

ns 


Input A or B to Q 

4.5 


■cM 




53 



(Figures 6 and 8) 

6.0 






45 


HSQI 

Maximum Propagation Delay 

2.0 


195 


245 


295 

ns 


Input A or B to NO 

4.5 


39 


49 


59 



(Figures 6 and 8) 

6.0 


33 


42 


50 



Maximum Propagation Delay 









mfim 

Reset to Q 









■1 

(Figures 7 and 8) 


■ 


■ 


■ 



tPLH 

Maximum Propagation Delay 

2.0 


175 




265 

ns 


Reset to NO 







53 



(Figures 7 and 8) 




■ 

wm 


45 


tTLH 

Maximum Output Transition Time, Any Output 



75 


95 


110 

ns 

tTHL 

(Figures 7 and 8) 



15 


19 






6.0 


13 


16 


B 


^in 

Maximum Input Capacitance (A. B, Reset) 

— 


10 


10 


B 

pF 


(Cx. Rx) 



25 


25 


B 



NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 


CpD 

Power Dissipation Capacitance (Per Multivibrator)* 

150 

pF 

* Used to determine the no-load dynamic power consumption: Pp = Cpp Vcc^f 

+ Ice Vcc- For load considerations, see Chapter 2. 

TIMING CHARACTERISTICS FOR THE MC54/74HC4538A (Input tr = tf = 6.0 ns) 

B 



■ 

Parameter 


Guaranteed Limits 











mm 

Minimum Recovery Time, Inactive to A or B 

2.0 

0 


0 


B 

■■■ 


■IB 

(Figure 7) 

4.5 

0 

^^B 

0 




■■ 



6.0 

0 


0 


B 

^Hi 

B 

tw 

Minimum Pulse Width, Input A or B 

2.0 


HU 

75 

BB 





(Figure 6) 



^^B 

15 

^^B 

mm 

^^B 






HH 

13 

HH 

B 



tw 

Minimum Pulse Width, Reset 

2.0 


^B|| 







(Figure 7) 



^^B 


^^B 


^^B 






HH 


^Hi 




tr. tf 

Maximum Input Rise and Fall Times, Reset 

2.0 


1000 


1000 

BB| 

1000 

ns 


(Figure 7) 



500 


500 


500 






400 



I^H 

400 



A or B 

2.0 









(Figure 7) 




No Limit 
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OUTPUT PULSE WIDTH CHARACTERISTICS (Cl = 50 pF)t 


Symbol 

Parameter 

Conditions 

Guaranteed Limits 

Unit 

Timing Components 

Vcc 

Volts 

- 55 to 
25°C 

< 85°C 

< 125°C 

Min 

Max 

Min 

Max 

Min 

Max 

X 

Output Pulse Width* 

(Figures 6 and 8) 

Rx=10ka Cx = 0.1 pF 

5.0 

0.63 

0.77 

0.6 

0.8 

0.59 

0.81 

ms 


Pulse Width Match 

Between Circuits in the 
same Package 



±5.0 

% 

— 

Pulse Width Match 

Variation (Part to Part) 

— 

— 

±10 

% 


* For output pulse widths greater than 1 00 ps, typically x = kRxCx, where the value of k may be found in Figure 1 . 




Vcc, POWER SUPPLY VOLTAGE (VOLTS) 



Figure 1 . Typical Output Pulse Width Constant, k, Figure 2. Output Pulse Width versus 

versus Supply Voltage Timing Capacitance 

(For output pulse widths > 100 ps: x = kRxCx) 



Figure 3. Normalized Output Pulse Width 
versus Power Supply Voltage 
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'-75 -50 -25 0 25 50 75 100 125 150 

Ta, ambient temperature (°C) 


Figure 4. Normalized Output Pulse Width 
versus Power Supply Voltage 



-75 -50 -25 0 25 50 75 100 125 150 

Ta. ambient temperature (°C) 

Figure 5. Normalized Output Pulse Width 
versus Power Supply Voltage 
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PIN DESCRIPTIONS 


INPUTS 

A1, A2 (Pins 4,12) 

Positive-edge trigger inputs. A rising-edge signal on 
either of these pins triggers the corresponding multivibrator 
when there is a high level on the B1 or B2 input. 

B1, B2 (Pins 5, 11) 

Negative-edge trigger inputs. A falling-edge signal on 
either of these pins triggers the corresponding multivibrator 
when there is a low level on the A1 or A2 input. 

Reset 1, Reset 2 (Pins 3, 13) 

Reset inputs (active low). When a low level is applied to 
one of these pins, the Q output of the corresponding multi- 
vibrator is reset to a low level and the Q output is set to a high 
level. 

Cxi/Rxl and Cx2/Rx2 (Pins 2 and 14) 

External timing components. These pins are tied to the 
common points of the external timing resistors and capaci- 


tors (see the Block Diagram). Polystyrene capacitors are 
recommended for optimum pulse width control. Electrolytic 
capacitors are not recommended due to high leakages 
associated with these type capacitors. 

GND (Pinsi and 15) 

External ground. The external timing capacitors discharge 
to ground through these pins. 

OUTPUTS 
Q1,Q2 (Pins 6,10) 

Noninverted monostable outputs. These pins (normally 
low) pulse high when the multivibrator is triggered at either 
the A or the B input. The width of the pulse is determined by 
the external timing components, Rx and Cx- 

^ (Pins 7, 9) 

Inverted monostable outputs. These pins (normally high) 
pulse low when the multivibrator is triggered at either the A or 
the B input. These outputs are the inverse of Q1 and Q2. 


LOGIC DETAIL 
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CIRCUIT OPERATION 


Figure 12 shows the HC4538A configured in the retrigger- 
able mode. Briefly, the device operates as follows (refer to 
Figure 10): In the quiescent state, the external timing capac- 
itor, Cx, is charged to VcC- When a trigger occurs, the Q out- 
put goes high and Cx discharges quickly to the lower 
reference voltage (Vref Lower « 1/3 Vcc)- then charges, 
through Rx, back up to the upper reference voltage (Vref Up- 
per « 2/3 Vcc). St which point the one-shot has timed out 
and the Q output goes low. 

The following, more detailed description of the circuit op- 
eration refers to both the logic detail (Figure 9) and the timing 
diagram (Figure 10). 

QUIESCENT STATE 

In the quiescent state, before an input trigger appears, the 
output latch is high and the reset latch is high (#1 in Fig- 
ure 10). Thus the Q output (pin 6 or 10) of the monostable 
multivibrator is low (#2, Figure 10). 

The output of the trigger-control circuit is low (#3), and 
transistors Ml , M2, and M3 are turned off. The external tim- 
ing capacitor, Cx, is charged to Vqc (^4), and both the upper 
and lower reference circuit has a low output (#5). 

In addition, the output of the trigger-control reset circuit is 
low. 


TRIGGER OPERATION 

The HC4538A is triggered by either a rising-edge signal at 
input A (#7) or a falling-edge signal at input B (#8), with the 
unused trigger input and the Reset input held at the voltage 
levels shown in the Function Table. Either trigger signal will 
cause the output of the trigger-control circuit to go high (#9). 

The trigger-control circuit going high simultaneously initi- 
ates two events. First, the output latch goes low, thus taking 
the Q output of the HC4538A to a high state (#10). Second, 
transistor M3 is turned on, which allows the external timing 
capacitor, Cx, to rapidly discharge toward ground (#11). 
(Note that the voltage across Cx appears at the input of both 
the upper and lower reference circuit comparator). 

When Cx discharges to the reference voltage of the lower 
reference circuit (#12), the outputs of both reference circuits 
will be high (#13). The trigger-control reset circuit goes high, 
resetting the trigger-control circuit flip-flop to a low state 
(#14). This turns transistor M3 off again, allowing Cx to begin 
to charge back up toward Vqc. with a time constant t = RxCx 
(#1 5). Once the voltage across Cx charges to above the low- 
er reference voltage, the lower reference circuit will go low 
allowing the monostable multivibrator to be retriggered. 



TRIGGER INPUT A 
(PIN 4 OR 12) 


QUIESCENT TRIGGER CYCLE TRIGGER CYCLE 


STATE 

(A INPUT) 

(B INPUT) 

RESET 

RETRIGGER 

G 

) 



f1 1 

1 ^rr h*— 

fO 



LOWER REFERENCE © 
CIRCUIT 


ji®. 


RESET INPUT 
(PIN 3 OR 13) 


RESET LATCH 


0 OUTPUT 
(PIN 6 OR 10) 


© 


© 


WL 




© 









X — >1 X — 1^ X + trr J 


Figure 10. Timing Diagram 
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When Cx charges up to the reference voltage of the upper 
reference circuit (#17), the output of the upper reference cir- 
cuit goes low (#18). This causes the output latch to toggle, 
taking the Q output of the HC4538A to a low state (#19), and 
completing the time-out cycle. 

POWER-DOWN CONSIDERATIONS 

Large values of Cx may cause problems when powering 
down the HC4538A because of the amount of energy stored 
in the capacitor. When a system containing this device is 
powered down, the capacitor may discharge from Vqc 
through the input protection diodes at pin 2 or pin 14. Current 
through the protection diodes must be limited to 30 mA; 
therefore, the turn-off time of the Vcc power supply must not 
be faster than t = Vcc*Cx/(30 mA). For example, if 
Vcc = 5.0 V and Cx = 1 5 pF, the Vqc supply must turn off no 
faster than t = (5.0 V)*(1 5 pF)/30 mA = 2.5 ms. This is usually 
not a problem because power supplies are heavily filtered 
and cannot discharge at this rate. 

When a more rapid decrease of Vqq to zero volts occurs, 
the HC4538A may sustain damage. To avoid this possibility, 
use an external damping diode, Dx, connected as shown in 
Figure 11 . Best results can be achieved if diode Dx is chosen 
to be a germanium or Schottky type diode able to withstand 
large current surges. 

RESET AND POWER ON RESET OPERATION 

A low voltage applied to the Reset pin always forces the Q 
output of the HC4538A to a low state. 

The timing diagram illustrates the case in which reset oc- 
curs (#20) while Cx is charging up toward the reference volt- 
age of the upper reference circuit (#21). When a reset 


occurs, the output of the reset latch goes low (#22), turning 
on transistor Ml . Thus Cx is allowed to quickly charge up to 
Vcc (^23) to await the next trigger signal. 

On power up of the HC4538A the power-on reset circuit 
will be high causing a reset condition. This will prevent the 
trigger-control circuit from accepting a trigger input coring 
this state. The HC4538A’s Q outputs are low and the Q not 
outputs are high. 


RETRIGGER OPERATION 


When used in the retriggerable mode (Figure 12), the 
HC4538A may be retriggered during timing out of the output 
pulse at any time after the trigger-control circuit flip-flop has 
been reset (#24), and the voltage across Cx is above the low- 
er reference voltage. As long as the Cx voltage is below the 
lower reference voltage, the reset of the flip-flop is high, dis- 
abling any trigger pulse. This prevents M3 from turning on 
during this period resulting in an output pulse width that is 
predictable. 

The amount of undershoot voltage on RxCx during the 
trigger mode is a function of loop delay, M3 conductivity, and 
Vdd- Minimum retrigger time, trr (Figure 7), is a function of 
1) time to discharge Rx^x from Vqd fo lower reference 
voltage (Tciischarge);2)loopdelay(Tdelay);3)timetocharge 
RxCx from the undershoot voltage back to the lower refer- 
ence voltage (Tcharge)- 

Figure 13 shows the device configured in the non-retrig- 
gerable mode. 

An Application Note (AN 1558/D) titled Characterization of 
Retrigger Time in the HC4538A Dual Precision Monstable 
Multivibrator \s being prepared. Please consult the factory for 
its availability. 




RESET 

Figure 11. Discharge Protection During Power Down 
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TYPICAL APPLICATIONS 


Cx Rx 



RISING-EDGE 

TRIGGER 


Cx Rx 



Cx Rx 



FALLING-EDGE 

TRIGGER 


Cx Rx 


X 


— WS/ 1 


1 

Vcc 



Q 



D— 5 


V 


1 RESET = Vcc 1 



Figure 12. Retriggerabie Monostable Circuitry 


Figure 13. Non-retriggerable Monostable Circuitry 


ONE-SHOT SELECTION GUIDE 


100 ns 1 ^is 10 ^is 100 |is 1ms 10 ms 100 ms Is 10 s 


MC14528B 
MC14536B 
MC14538B 
MCI 4541 B 
HC4538A‘ 



23 HR 
5 MIN 


* Limited operating voltage (2-6 V) 


TOTAL OUTPUT PULSE WIDTH RANGE ^ ► 

RECOMMENDED PULSE WIDTH RANGE X X 
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SEMICONDUCTOR TECHNICAL DATA 


Quad 2-Input Exclusive 
NOR Gate 

High-Performance Silicon-Gate CMOS 

The MC74HC7266 is identical in pinout to the LS266 and the HC266. The 
HC7266 has standard CMOS outputs instead of open-drain outputs. 

The device inputs are compatible with standard CMOS outputs; with 
pullup resistors, they are compatible with LSTTL outputs. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range; 2 to 6 V 

• Low Input Current: 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

• Chip Complexity: 56 FETs or 14 Equivalent Gates 


MC74HC7266 



N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 



D SUFFIX 

SOIC PACKAGE 
CASE 751A-03 


ORDERING INFORMATION 

MC74HCXXXXN Plastic 
MC74HCXXXXD SOIC 


LOGIC DIAGRAM 



PIN14 = Vcc 

PIN7 = GND 


PIN ASSIGNMENT 

A1[ 

1 • 

14 

]Vcc 

B1[ 

2 

13 

] B4 

Y1[ 

3 

12 

] A4 

Y2[ 

4 

11 

] Y4 

A2[ 

5 

10 

] Y3 

B2[ 

6 

9 

]B3 

GND[ 

7 

8 

] A3 



FUNCTION TABLE 


Inputs 

Output 

A 

B 

Y 

L 

L 

H 

L 

H 

L 

H 

L 

L 

H 

H 

H 
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MC74HC7266 


MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 1 .5 to Vcc + 1 -5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

— 0.5 to Vcc 

V 

hn 

DC Input Current, per Pin 

±20 

mA 

lout 

DC Output Current, per Pin 

±25 

mA 

icc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

pd 

Power Dissipation in Still Air Plastic DlPf 

SOIC Packaget 

750 

500 

mW 

Tstg 

Storage Temperature 

-65 to + 150 

°C 

Tl 

Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 

260 

°C 


* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 


SOIC Package: - 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

Ta 

Operating Temperature, All Package Types 

-55 

+ 125 

°c 

tptf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 




This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND < (VjnorVout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqc). 
Unused outputs must be left open. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

lloufl — 20 |iA 

4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


ViL 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.3 

0.3 

0.3 

V 


Voltage 

llouti — 20 pA 

4.5 

0.9 

0.9 

0.9 





6.0 

1.2 

1.2 

1.2 


VOH 

Minimum High-Level Output 

Vin = ViHor V|l 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

lloufl — 20 pA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or Vil Houtl ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llouti ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 


VOL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

Hout^ — 20 nA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l llouti ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




lloufl ^ 5.2 mA 

6.0 

0.26 

0.33 

0.40 


•in 

Maximum Input Leakage Current 

Vin = Vcc or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

Icc 

Maximum Quiescent Supply 

Vin = Vcc or GND 

6.0 

2 

20 

40 

pA 


Current (per Package) 

lout = 0 pA 







NOTE: Information on typical parametric values can be found in Chapter 2. 
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MC74HC7266 


AC ELECTRICAL CHARACTERISTICS ( Cl = 50 pF, Input tr = tf = 6 ns) 


Symbol 

Parameter 

< 

<o 

o 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

tPLH. 

Maximum Propagation Delay, Input A or B to Output Y 

2.0 

120 

150 

180 

ns 

tPHL 

(Figures 1 and 2) 

4.5 

24 

30 

36 




6.0 

20 

26 

31 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 2) 

4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 




Typical @ 25°C, Vcc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Gate)* 

33 


* Used to determine the no-load dynamic power consumption: Pq = CpD VQQ^f + |qq Vqq. For load considerations, see Chapter 2. 



TEST POINT 



O 


OUTPUT 

DEVICE 


UNDER 


TEST 

“T 


4 : 



* Includes all probe and jig capacitance 


Figure 1. Switching Waveforms 


Figure 2. Test Circuit 


LOGIC DETAIL 
(1/4 of Device) 
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APPLICATION INFORMATION 


Bi (1)-L is defined as biphase-level code. Also known as 
Manchester Code, this technique utilizes binary phase shift 
keying (PSK). The Bi ^-L output shown in Figure 3 carries 
both data and synchronization information; therefore, sepa- 
rate data and clock lines are not required to transfer informa- 
tion. A positive-going transition in the middle of the bit 
interval indicates a logic zero; a negative-going transition in- 


dicates a logic one (see Figure 4). 

NRZ-L shown in Figure 3 is non-return-to-zero level 
code. This is simply serial data out of a shift register, such as 
the HC597. 

The Bi (1)-L signal must be phase coherent (i.e., no 
glitches). Therefore, NRZ-L and clock transitions must be 
coincident. 


NRZ-L 

CLOCK 


1/4 

HC7266 



BIH 


Figure 3. Biphase-Level Encoder (Manchester Encoder) 



NRZ-L [ 

CLOCK [ 


Bl(t)-L 


POSITIVE 
LOGIC DATA I 


BIT 

INTERVAL 


0 I 1 I 1 I 0 I 0 


Figure 4. Timing Diagram 
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Product Preview 

Quad 2-Input Exclusive 
NOR Gate 

High-Performance Silicon-Gate CMOS 

The MC74HC7266A is identical in pinout to the LS266 and the HC266. 
The HC7266 has standard CMOS outputs instead of open-drain outputs. 

The device inputs are compatible with standard CMOS outputs; with 
pullup resistors, they are compatible with LSTTL outputs. 

• Output Drive Capability: 10 LSTTL Loads 

• Outputs Directly Interface to CMOS, NMOS, and TTL 

• Operating Voltage Range: 2 to 6 V 

• Low Input Current; 1 pA 

• High Noise Immunity Characteristic of CMOS Devices 

• In Compliance with the Requirements Defined by JEDEC Standard 
No. 7 A 

• Chip Complexity: 56 FETs or 14 Equivalent Gates 


LOGIC DIAGRAM 



PIN14 = Vcc 
PIN7 = GND 


MC74HC7266A 


1 

N SUFFIX 

PLASTIC PACKAGE 
CASE 646-06 

1 

D SUFFIX 

SOIC PACKAGE 
CASE 751 A-03 

1 

DT SUFFIX 

TSSOP PACKAGE 
CASE 948G-01 

ORDERING INFORMATION 

MC74HCXXXXAN Plastic 

MC74HCXXXXAD SOIC 

MC74HCXXXXADT TSSOP 


PIN ASSIGNMENT 

A1[ 

1 • 

14 

^ Vcc 

B1[ 

2 

13 

]B4 

Y1[ 

3 

12 

] A4 

Y2[ 

4 

11 

]Y4 

A2[ 

5 

10 

] Y3 

B2[ 

6 

9 

]B3 

GND[ 

7 

8 

] A3 



FUNCTION TABLE 


Inputs 

Output 

A 

B 

Y 

L 

L 

H 

L 

H 

L 

H 

L 

L 

H 

H 

H 


This document contains information on a product underdevelopment. Motorola reserves the right to change or 
discontinue this product without notice. 
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MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

- 0.5 to + 7.0 

V 

Vin 

DC Input Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

Vout 

DC Output Voltage (Referenced to GND) 

- 0.5 to Vcc + 0-5 

V 

•in 

DC Input Current, per Pin 

±20 

mA 

•out 

DC Output Current, per Pin 

±25 

mA 

•cc 

DC Supply Current, Vqq and GND Pins 

±50 

mA 

pd 

Power Dissipation in Still Air Plastic DIPt 

750 

mW 


SOIC Packaget 

500 



TSSOP Packaget 

450 


Tstg 

Storage Temperature 

-65to-H 150 

°C 

tl 

Lead Temperature, 1 mm from Case for 1 0 Seconds 


°c 


(Plastic DIP, SOIC or TSSOP Package) 

260 



* Maximum Ratings are those values beyond which damage to the device may occur. 

Functional operation should be restricted to the Recommended Operating Conditions, 
t Derating — Plastic DIP: - 10 mW/°C from 65° to 125°C 

SOIC Package: - 7 mW/°C from 65° to 125°C 
TSSOP Package: - 6.1 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 2. 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND < (Vjn or Vout) ^ Vcc- 
Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or Vqq). 
Unused outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

Vcc 

DC Supply Voltage (Referenced to GND) 

2.0 

6.0 

V 

Vin. Vout 

DC Input Voltage, Output Voltage (Referenced to GND) 

0 

Vcc 

V 

ta 

Operating Temperature, All Package Types 

-55 

-f- 125 

°c 

tp tf 

Input Rise and Fall Time 

Vcc = 2.0 V 

0 

1000 

ns 


(Figure 1) 

Vcc = 4.5 V 

0 

500 




Vcc = 6.0 V 

0 

400 




DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol 

Parameter 

Test Conditions 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25°C 

< 85°C 

< 125°C 

V|H 

Minimum High-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

1.5 

1.5 

1.5 

V 


Voltage 

••outl — 20 |iA 

3.0 

2.1 

2.1 

2.1 





4.5 

3.15 

3.15 

3.15 





6.0 

4.2 

4.2 

4.2 


V|L 

Maximum Low-Level Input 

Vout = 0.1 V or Vcc -0.1 V 

2.0 

0.5 

0.5 

0.5 

V 


Voltage 

••out^ — 20 jxA 

3.0 

0.9 

0.9 

0.9 





4.5 

1.35 

1.35 

1.35 





6.0 

1.8 

1.8 

1.8 


VOH 

Minimum High-Level Output 

Vin = V|H orV|L 

2.0 

1.9 

1.9 

1.9 

V 


Voltage 

••out! — 20 |iA 

4.5 

4.4 

4.4 

4.4 





6.0 

5.9 

5.9 

5.9 




Vin = V|H or V|l Houtl ^ 2.4 mA 

3.0 

2.48 

2.34 

2.20 




••out! ^ 4.0 mA 

4.5 

3.98 

3.84 

3.70 




llouti ^ 5.2 mA 

6.0 

5.48 

5.34 

5.20 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 





Vcc 

-55 to 




Symbol 

Parameter 

Test Conditions 

v 

25°C 

< 85°C 

< 125°C 

Unit 

VoL 

Maximum Low-Level Output 

Vin = V|H orV|L 

2.0 

0.1 

0.1 

0.1 

V 


Voltage 

I'outl — 20 |iA 

4.5 

0.1 

0.1 

0.1 





6.0 

0.1 

0.1 

0.1 




Vin = V|H or V|l llouti ^ 2.4 mA 

3.0 

0.26 

0.33 

0.40 




llouti ^ 4.0 mA 

4.5 

0.26 

0.33 

0.40 




llout^ — ^’2 mA 

6.0 

0.26 

0.33 

0.40 


lin 

Maximum Input Leakage Current 

Vin = VCC or GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

icc 

Maximum Quiescent Supply 

Vjn = Vqc or GND 

6.0 

1 

10 

40 

pA 


Current (per Package) 

lout = 0 |iA 







NOTE: Information on typical parametric values can be found in Chapter 2. 


AC ELECTRICAL CHARACTERISTICS ( Cl = 50 pF, Input tp = tf = 6 ns) 


Symbol 

Parameter 

Vcc 

V 

Guaranteed Limit 

Unit 

-55 to 
25° C 

< 85°C 

< 125°C 

tPLH- 

Maximum Propagation Delay, Input A or B to Output Y 

2.0 

100 

125 

150 

ns 

tpHL 

(Figures 1 and 2) 

3.0 

80 

90 

110 




4.5 

20 

25 

25 




6.0 

17 

21 

19 


tTLH. 

Maximum Output Transition Time, Any Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures 1 and 2) 

3.0 

30 

40 

55 




4.5 

15 

19 

22 




6.0 

13 

16 

19 


Cin 

Maximum Input Capacitance 

- 

10 

10 

10 

pF 


NOTES: 

1 . For propagation delays with loads other than 50 pF, see Chapter 2. 

2. Information on typical parametric values can be found in Chapter 2. 





Typical @ 25°C, Vqc = 5.0 V 

CpD 

Power Dissipation Capacitance (Per Gate)* 

33 


* Used to determine the no-load dynamic power consumption: Pp = Cpp VQc^f + Iqq Vqq. For load considerations, see Chapter 2. 



TEST POINT 



O 


OUTPUT 
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UNDER 


TEST 
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4 : 


* Includes all probe and jig capacitance 


Figure 1 . Switching Waveforms 


Figure 2. Test Circuit 
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LOGIC DETAIL 
(1/4 of Device) 



APPLICATION INFORMATION 


Bi (t)-L is defined as biphase-level code. Also known as 
Manchester Code, this technique utilizes binary phase shift 
keying (PSK). The Bi (1)-L output shown in Figure 3 carries 
both data and synchronization information; therefore, sepa- 
rate data and clock lines are not required to transfer informa- 
tion. A positive-going transition in the middle of the bit 
interval indicates a logic zero; a negative-going transition in- 


dicates a logic one (see Figure 4). 

NRZ-L shown in Figure 3 is non-return-to-zero level 
code. This is simply serial data out of a shift register, such as 
the HC597. 

The Bi (^-L signal must be phase coherent (i.e., no 
glitches). Therefore, NRZ-L and clock transitions must be 
coincident. 



NRZ-L 

CLOCK 


1/4 

HC7266A 

T> 


BI 


Figure 3. Biphase-Level Encoder (Manchester Encoder) 


NRZ-L [ 

CLOCK [ 


BIH 


POSITIVE 
LOGIC DATA I 


BIT 

INTERVAL 


1 I 1 I 0 I 0 


Figure 4. Timing Diagram 
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High-Speed CMOS Data 





This section contains the High-Speed CMOS 
device nomenclature for ordering ease. It also 
contains the technical case outlines for all of the 
available packages for High-Speed devices. 
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High-Speed CMOS Family 
Device Nomenclature 


MC VV WWW 



Specification Identifier 

• HC = Buffered High-Speed CMOS 

• HCU = Unbuffered High-Speed CMOS* 

• HCT = High-Speed CMOS TTL Compatible 


XXXX Y 



Package Type 

• N for Plastic (74 Series Only) 

• J for Ceramic (54 Series Only) 

• D for 150 mil Plastic SOIC (74 Series Only) 

• DW for 300 mil Plastic SOIC (74 Series Only) 

Function Type 

• XX(X) Same Function and Pin Configuration 
as LSTTL 

• 4XXX Same Function and Pin Configuration 
as CMOS 14000 

• 7XX(X) Variation of LSTTL or CMOS 14000 
Device 


*Not Available On All Devices 


Case Outlines 

14-Pill Packages 



J SUFFIX 

CERAMIC DIP PACKAGE 
CASE 632-08 
ISSUE Y 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIM ESN ION F MAY NARROW TO 0.76 (0.030) 
WHERE THE LEAD ENTERS THE CERAMIC 
BODY. 








MHVMl 





■BUM 

HDI 





IDI 



Hiclifeii 


HU 

■iWMI 


liii]KM 

■@1 

H9 


■iIiIAl 


wbm\ 

\mm 



■Ql 



lEBI 

KEHl 

\mm 


ll»1KlrAW 






MM 

IKEIl 

msm 

HEB 

IHS 

BH 



■Idl 
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Case Outlines 


N SUFFIX 

PLASTIC DIP PACKAGE 
CASE 646-06 
ISSUE L 


A A A A A A A 

14 8 



B 

ro 

1 7 

1 

VV V V VV V 

A ► 





NOTES: 

1 . LEADS WITHIN 0, 1 3 (0,005) RADIUS OF TRUE 
POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL, 

3. DIMENSION B DOES NOT INCLUDE MOLD 
PUSH. 

4. ROUNDED CORNERS OPTIONAL. 


DIM 

INCHES 

MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

A 

0.715 

0.770 

18.16 

19.56 

B 

0.240 

0.260 

6.10 

6,60 

C 

0.145 

0.185 

3.69 

4 69 

D 

0.015 

0.021 

0.38 

0.53 

F 

0.040 

0 070 

1 02 

1.78 

G 

0.100 BSC 

2.54 BSC 

H 

0 052 

0 095 

1 32 

2 41 

J 

0.008 

0.015 

0.20 

0 38 

K 

0.115 

0.135 

2 92 

3.43 

L 

0.300 BSC 

7.62 BSC 

M 

0° 

10° 

0° 

10° 

N 

0.015 

0 039 

0.39 

1.01 


D SUFFIX 

PLASTIC SOIC PACKAGE 
CASE 751A-03 
ISSUE F 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DIMENSIONS A AND B DO NOT INCLUDE 
MOLD PROTRUSION. 

4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 
PER SIDE. 

5. DIMENSION D DOES NOT INCLUDE DAMBAR 
PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.127 (0.005) TOTAL 
IN EXCESS OF THE D DIMENSION AT 
MAXIMUM MATERIAL CONDITION. 


DIM 

MILLIMETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

8.55 

8.75 

0.337 

0.344 

B 

3.80 

4.00 

0.150 

0.157 

C 

1.35 

1.75 

0.054 

0.068 

D 

0.35 

0.49 

0.014 

0.019 

F 

0.40 

1.25 

0.016 

0.049 

G 

1.27 

BSC 

0.050 

BSC 

J 

0.19 

0.25 

0.008 

0.009 

K 

0.10 

0 25 

0.004 

0.009 

M 

0° 

7 ° 

0° 

7 ° 

P 

5.80 

6 20 

0,228 

0.244 

R 

0.25 

0.50 1 

0.010 

0.019 
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Case Outlines 


SD SUFFIX 

PLASTIC SSOP PACKAGE 
CASE 940A-03 
ISSUE B 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M,1982, 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DIMENSION A DOES NOT INCLUDE MOLD FLASH, 
PROTRUSIONS OR GATE BURRS. MOLD FLASH 
OR GATE BURRS SHALL NOT EXCEED 0.15 
(0.006) PER SIDE. 

4. DIMENSION B DOES NOT INCLUDE INTERLEAD 
FLASH OR PROTRUSION. INTERLEAD FLASH OR 
PROTRUSION SHALL NOT EXCEED 0.15 (0.006) 
PER SIDE. 

5. DIMENSION K DOES NOT INCLUDE DAMBAR 
PROTRUSION/INTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0,13 (0.005) TOTAL IN 
EXCESS OF K DIMENSION AT MAXIMUM 
MATERIAL CONDITION. DAMBAR INTRUSION 
SHALL NOT REDUCE DIMENSION K BY MORE 
THAN 0.07 (0.002) AT LEAST MATERIAL 
CONDITION. 

6. TERMINAL NUMBERS ARE SHOWN FOR 
REFERENCE ONLY. 

7 DIMENSION A AND B ARE TO BE DETERMINED 
AT DATUM PLANE -W-. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

6.07 

6.33 

0.238 

0.249 

B 

5 20 

5.38 

0.205 

0.212 

C 

1.73 

1.99 

0.068 

0.078 

D 

0.05 

0.21 

0.002 

0.008 

F 

0.63 

0.95 

0.024 

0.037 

G 

0.65 

BSC 

0.026 

BSC 

H 

1.08 

1.22 

0.042 

0.048 

J 

0.09 

0,20 

0.003 

0.008 

J1 

0.09 

0.16 

0.003 

0.006 

K 

0.25 

0.38 

0.010 

0.015 

K1 

0.25 

0.33 

0.010 

0.013 

L 

7.65 

7.90 

0.301 

0.311 

M 

0° 

8° 

0° 

8° 




Case Outlines 


DT SUFFIX 

PLASTIC TSSOP PACKAGE 
CASE 948B-03 
ISSUE A 


A 


aMMM 


14X K REF 

l^l 0 . 200 ( 0 . 008 ) (m)|t I 


PIN1 

IDENTIFICATION 


L B 


1 

v 

1 



r 



NOTES: 

1 . DIMENSIONING AND TOLERANCING PER ANSI 
Y14,5M, 1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DIMENSION A DOES NOT INCLUDE MOLD FLASH, 
PROTRUSIONS OR GATE BURRS. MOLD FLASH 
OR GATE BURRS SHALL NOT EXCEED 0.15 
(0.006) PER SIDE. 

4. DIMENSION B DOES NOT INCLUDE INTERLEAD 
FLASH OR PROTRUSION. INTERLEAD FLASH OR 
PROTRUSION SHALL NOT EXCEED 0.25 (0.010) 
PER SIDE. 

5. DIMENSION K DOES NOT INCLUDE DAMBAR 
PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.08 (0.003) TOTAL 
EXCESS OF THE K DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 

6. TERMINAL NUMBERS ARE SHOWN FOR 
REFERENCE ONLY. 

7. DIMENSIONS A AND B ARE TO BE DETERMINED 
AT DATUM PLANE -U-. 


ES3 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 



5.10 



0.200 

B 

4 30 

4.50 

0 169 

0.177 

C 

— 

1 20 

— 

0 047 

D 

0.05 

0 25 

0.002 

0.010 

F 

0.45 

0.55 

0 018 

0.022 

G 

0.65 

BSC 

0 026 

BSC 

H 

0 50 

0.60 

0.020 

0.024 

J 

0 09 

0.24 

0 004 

0.009 

J1 

0.09 

0.18 

0 004 

0.007 

K 

0.16 

0.32 

0.006 

0013 

K1 

0.16 

0.26 

0.006 

0 010 

L 

630 

6.50 

0 248 

0.256 

M 

0° 

10° 

0° 

10° 






Case Outlines 


DT SUFFIX 

PLASTIC TSSOP PACKAGE 
CASE 948G-01 
ISSUE O 


-l^l 0.10 (0.004 )®! t|u(D|v( 


O 0.15(0.006) T U ( 




O 0.15(0.006) T U < 


0.25(0.010) 




SECTION N-N 


0.10 (0.004) I 

l-T-l SEATING 
PLANE 




NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DIMENSION A DOES NOT INCLUDE MOLD FLASH, 
PROTRUSIONS OR GATE BURRS. MOLD FLASH 
OR GATE BURRS SHALL NOT EXCEED 0.15 
(0.006) PER SIDE. 

4. DIMENSION B DOES NOT INCLUDE INTERLEAD 
FLASH OR PROTRUSION. INTERLEAD FLASH OR 
PROTRUSION SHALL NOT EXCEED 
0.25(0.010) PER SIDE. 

5. DIMENSION K DOES NOT INCLUDE DAMBAR 
PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN 
EXCESS OF THE K DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 

6. TERMINAL NUMBERS ARE SHOWN FOR 
REFERENCE ONLY. 

7. DIMENSION A AND B ARE TO BE DETERMINED 
AT DATUM PLANE -W-. 



MILLIMETERS 

INCHES 1 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.90 

5.10 

0.193 

0.200 

B 

4.30 

4.50 

0.169 

0.177 

C 



1.20 



0.047 

D 

0.05 

0.15 

0.002 

0.006 

F 

0.50 

0.75 

0.020 

0.030 

G 

0.65 

BSC 

0 026 

BSC 

H 

0.50 

0.60 

0.020 

0.024 

J 

0.09 

0.20 

0.004 

0.008 

J1 

0.09 

0.16 

0.004 

0.006 

K 

0.19 

0.30 

0.007 

0.012 

K1 

0.19 

0.25 

0.007 

0.010 

L 

6.40 

BSC 

0.252 

:bsc 

M 

ZIE 

1 8° 

0° 



16-Pill Packages 


J SUFFIX 

CERAMIC DIP PACKAGE 
CASE 620-10 
ISSUE V 




II 





J 16 PL 

0.25 (0.010)® It! b© 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M,1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIMENSION F MAY NARROW TO 0.76 (0.030) 
WHERE THE LEAD ENTERS THE CERAMIC 
BODY. 

INCHES MILLIMETER 
DIM ~MIN MAX MIN MAX 

A 0.750 0.785 19.05 19.93 

B 0,240 0.295 6.10 7.49 

C - 0.200 - 5.08 

D 0.015 0.020~ 0.39 oW 

E 0.050 BSC 1.27 BSC 

F ~ 0,055 I 0.065 1.40 I 1.65~ 

G 0.100 BSC 2.54 BSC 

J ' 0.008 I 0.015~ 0.21 O.oF 

K 0.125 0.170~ 3.18 4^ 


MOTOROLA 


High-Speed CMOS Logic Data 
DL129 — Rev6 





Case Outlines 


N SUFFIX 

PLASTIC DIP PACKAGE 
CASE 648-08 
ISSUE R 



NOTES: 

1. DIMENSIONING ANDTOLERANCING PER ANSI 
Y14.5M, 1982, 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

4. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 

5. ROUNDED CORNERS OPTIONAL, 


DIM 

INCHES 

MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

A 

0 740 

0.770 

18.80 

19 55 

B 

0 250 

0,270 

6,35 

6 85 

C 

0.145 

0.175 

3 69 

4.44 

D 

0.015 

0.021 

0.39 

0.53 

F 

0 040 

0 70 

1.02 

1 77 

G 

0.100 BSC 

2.54 BSC 

H 

0 050 BSC 

1.27 BSC 

J 

0.008 

0.015 

0 21 

0.38 

K 

0.110 

0130 

2.80 

3.30 

L 

0.295 

0 305 

7.50 

7.74 

M 

0° 

10° 

0° 

10° 

S 

0 020 

0.040 

0.51 

1 01 


D SUFFIX 

PLASTIC SOIC PACKAGE 
CASE 751 B-05 
ISSUE J 



NOTES: 

1 . DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M,1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DIMENSIONS A AND B DO NOT INCLUDE 
MOLD PROTRUSION. 

4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 
PER SIDE. 

5. DIMENSION D DOES NOT INOLUDE DAMBAR 
PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.127 (0.005) TOTAL 
IN EXCESS OF THE D DIMENSION AT 
MAXIMUM MATERIAL CONDITION. 


DIM 

1 MILLIMETERS | 

i INCHES ( 

MIN 

MAX 

MIN 

MAX 

A 

9.80 

10.00 

0.386 

0.393 

B 

3.80 

4.00 

0.150 

0.157 

C 

1.35 

1 75 

0 054 

0,068 

D 

0 35 

0.49 

0.014 

0019 

F 

0.40 

1.25 

0.016 

0.049 

G 

1.27 

BSC 

0.050 

BSC 

J 

0.19 

0.25 

0.008 

0 009 

K 

0.10 

0.25 

0.004 

0 009 

M 

0° 

7° 

0° 

7° 

P 

5 80 

6 20 

0.229 

0.244 

R 

0 25 

0 50 

0.010 

0,019 






Case Outlines 



DW SUFFIX 

PLASTIC SOIC PACKAGE 
CASE 751G-02 
ISSUE A 



NOTES; 

1. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DIMENSIONS A AND B DO NOT INCLUDE MOLD 
PROTRUSION. 

4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) PER 
SIDE. 

5. DIMENSION D DOES NOT INCLUDE DAMBAR 
PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.13 (0.005) TOTAL IN 
EXCESS OF D DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.15 

10.45 

0.400 

0.411 

B 

7.40 

7.60 

0.292 

0.299 

C 

2.35 

2.65 

0.093 

0.104 

D 

0.35 

0.49 

0.014 

0.019 

F 

0.50 

0.90 

0.020 

0.035 

G 

1.27 

BSC 

0.050 

BSC 

J 

0.25 

0.32 

0.010 

0.012 

K 

0.10 

0.25' 

0.004 

0.009 

M 

0° 

7° 

0° 

7° 

P 

10.05 

10.55 

0.395 

0.415 

R 

0.25 

0.75 

0.010 

0.029 


DT SUFFIX 

PLASTIC TSSOP PACKAGE 
CASE 948F-01 
ISSUE O 


16XKREF 




NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M.1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DIMENSION A DOES NOT INCLUDE MOLD FLASH. 
PROTRUSIONS OR GATE BURRS. MOLD FLASH 
OR GATE BURRS SHALL NOT EXCEED 0.15 
(0.006) PER SIDE. 

4. DIMENSION B DOES NOT INCLUDE INTERLEAD 
FLASH OR PROTRUSION. INTERLEAD FLASH OR 
PROTRUSION SHALL NOT EXCEED 

0.25 (0.010) PER SIDE. 

5. DIMENSION K DOES NOT INCLUDE DAMBAR 
PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN 
EXCESS OF THE K DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 

6. TERMINAL NUMBERS ARE SHOWN FOR 
REFERENCE ONLY. 

7. DIMENSION A AND B ARE TO BE DETERMINED 
AT DATUM PLANE -W-. 


o| 0.10 (0.004) I TT” T T 

-T-l SEATING I 

PLANE D H h 


jr 




r 

— fw.i 


DETAIL E - 


DIM 

MILLI^ 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

4.90 

5.10 

0.193 

0,200 

B 

4.30 

4.50 

0.169 

0.177 

C 

— 

1.20 

— 

0.047 

D 

0.05 

0.15 

0.002 

0.006 

F 

0.50 

0 75 

0.020 

0.030 

G 

0.65 

BSC 

0.026 BSC 

H 

0.18 

0.28 

0.007 

0.011 

J 

0.09 

0.20 

0.004 

0.008 

J1 

0.09 

0.16 

0.004 

0.006 

K 

0.19 

0.30 

0.007 

0.012 

K1 

0.19 

0.25 

0.007 

0.010 

L 

6.40 BSC 

0.252 

BSC 

M 

0° 

8° 

0° 

8° 


MOTOROLA 
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High-Speed CMOS Logic Data 
DL129~Rev6 





Case Outlines 



J SUFFIX 

CERAMIC DIP PACKAGE 
CASE 732-03 
ISSUE E 






NOTES: 

1. LEADS WITHIN 0.25 (0,010) DIAMETER, TRUE 
POSITION AT SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION, 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSIONS A AND B INCLUDE MENISCUS. 

MILLIMETERS INCHES ~ 
DIM ~MIN MAX MIN MAX~ 

A 23.88 25.15 0.940 0.990 

B 6.60 7.49 0.260 0.295 

C 3.81 5.08 0.150 0.200 

D 0.38 0.56 0.015 0.022 

F ' 1.40 I 1.65~ 0.055 0.065 

G 2.54 BSC 0.100 BSC 
H ' 0.51 1.27~ 0.020 0.0^ 

J 0.20 0.30 0.008 0.012 

K 3.18 4.06 0.125 0.160 


N SUFFIX 

PLASTIC DIP PACKAGE 
CASE 738-03 
ISSUE E 



2 •< — F - 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M,1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIMENSION B DOES NOT INCLUDE MOLD 
FLASH. 

INCHES MILLIMETERS 
DIM ~MIN MAX MIN MAX~ 

A 1.010 1.070 25.66 27.17 

B 0.240 0.260 6.10 6.60 

C 0.150 0.180 3.81 4.57 

D 0.015 0.022~ 0.39 OT^ 

E 0.050 BSC 1.27 BSC 

F ~ 0.050 I 0.070 1.27 I 1.77~ 

G 0.100 BSC 2.54 BSC 

J 0.008 1 0.015 0.21 I 0.38 

K 0.110 0.140 2.80 3.55 


I 0.25(0.010)0 I T| A0 


I 0.020 I 0.040 I 0.51 I 


High-Speed CMOS Logic Data 
DL129 — Rev6 
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MOTOROLA 






Case Outlines 


DW SUFFIX 

PLASTIC SOIC PACKAGE 
CASE 751 D-04 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION; MILLIMETER. 

3. DIMENSIONS A AND B DO NOT INCLUDE 
MOLD PROTRUSION. 

4. MAXIMUM MOLD PROTRUSION 0.150 
(0.006) PER SIDE. 

5. DIMENSION D DOES NOT INCLUDE 
DAMBAR PROTRUSION. ALLOWABLE 
DAMBAR PROTRUSION SHALL BE 0 13 
(0.005) TOTAL IN EXCESS OF D DIMENSION 
AT MAXIMUM MATERIAL CONDITION. 



SD SUFFIX 

PLASTIC SSOP PACKAGE 
CASE 940C-03 
ISSUE B 



NOTES: 

3. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M,1982. 

4. CONTROLLING DIMENSION: MILLIMETER. 

5. DIMENSION A DOES NOT INCLUDE MOLD 
FLASH, PROTRUSIONS OR GATE BURRS. MOLD 
FLASH OR GATE BURRS SHALL NOT EXCEED 
0.15 (0.006) PER SIDE. 

6. DIMENSION B DOES NOT INCLUDE 
INTERLEAD FLASH OR PROTRUSION. 

INTERLEAD FLASH OR PROTRUSION SHALL NOT 
EXCEED 0.15 (0.006) PER SIDE. 

7. DIMENSION K DOES NOT INCLUDE DAMBAR 

. PROTRUSION/INTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.13 (0.005) TOTAL IN 
EXCESS OF K DIMENSION AT MAXIMUM 
MATERIAL CONDITION. DAMBAR INTRUSION 
SHALL NOT REDUCE DIMENSION K BY MORE 
THAN 0.07 (0.002) AT LEAST MATERIAL 
CONDITION. 

8. TERMINAL NUMBERS ARE SHOWN FOR 
REFERENCE ONLY. 

9. DIMENSION A AND BARE TO BE 
DETERMINED AT DATUM PLANE -W-. 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

7.07 

7.33 

0.278 

0.288 

B 

5.20 

5.38 

0.205 

0.212 

C 

1.73 

1.99 

0.068 

0.078 

D 

0.05 

0.21 

0.002 

0.008 

F 

0.63 

0.95 

0.024 

0.037 

G 

0.65 

BSC 

0.026 

BSC 

H 

0.59 

0.75 

0.023 

0.030 

J 

0.09 

0.20 

0.003 

0.008 

J1 

0.09 

0.16 

0.003 

0.006 

K 

0.25 

0.38 

0.010 

0.015 

K1 

0.25 

0.33 

0.010 

0.013 

L 

7.65 

7.90 

0.301 

0.311 

M 

0° 

8° 

0° 

8° 






Case Outlines 


DT SUFFIX 

PLASTIC TSSOP PACKAGE 
CASE 948E-02 
ISSUE A 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M,1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DIMENSION A DOES NOT INCLUDE MOLD FLASH, 
PROTRUSIONS OR GATE BURRS. MOLD FLASH 
OR GATE BURRS SHALL NOT EXCEED 0.1 5 
(0.006) PER SIDE. 

4. DIMENSION B DOES NOT INCLUDE INTERLEAD 
FLASH OR PROTRUSION. INTERLEAD FLASH OR 
PROTRUSION SHALL NOT EXCEED 0.25 (0.010) 
PER SIDE. 

5. DIMENSION K DOES NOT INCLUDE DAMBAR 
PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN 
EXCESS OF THE K DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 

6. TERMINAL NUMBERS ARE SHOWN FOR 
REFERENCE ONLY. 

7. DIMENSION A AND B ARE TO BE DETERMINED 
AT DATUM PLANE -W-. 



J UC 




DETAIL E - 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

6.40 

6.60 

0 252 

0 260 

B 

4 30 

4.50 

0.169 

0.177 

C 

— 

1 20 

— 

0.047 

D 

0.05 

0.15 

0.002 

0.006 

F 

0 50 

0.75 

0.020 

0.030 

G 

0.65 BSC 

0.026 

BSC 

H 

0 27 

0.37 

0.011 

0.015 

J 

0.09 

0.20 

0.004 

0.008 

J1 

0.09 

0.16 

0.004 

0.006 

K 

0.19 

0.30 

0.007 

0.012 

K1 

0.19 

0.25 

0.007 

0.010 

L 

6.40 

BSC 

0 252 

!BSC 

M 

0° 

8° 

0° 





Case Outlines 


24-Pin Packages 


J SUFFIX 

CERAMIC DIP PACKAGE 
CASE 758-02 
ISSUE A 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 


DIM 

INCHES 

MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

A 

1.240 

1.285 

31.50 

32.64 

B 

0.285 

0.305 

7.24 

7.75 

C 

0.160 

0.200 

4.07 

5.08 

D 

0.015 

0.021 

0.38 

0,53 

F 

0.045 

0.062 

1.14 

1.57 

G 

0.100 BSC 

2.54 

BSC 

J 

0.008 

0.013 

0.20 

0.33 

K 

0.100 

0.165 

2.54 

4.19 

L 

0.300 

0.310 

7.62 

7.87 

N 

0.020 

0.050 

0.51 

1.27 

P 

0.360 

0.400 

9.14 

10.16 


N SUFFIX 

PLASTIC DIP PACKAGE 
CASE 724-03 
ISSUE E 





J 24 PL 

1^1 0.25 (0.010)® I t| B@| 


NOTES: 

1 . CHAMFERED CONTOUR OPTIONAL. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

4. CONTROLLING DIMENSION: INCH. 


1^10.25(0.010)® I T| a® I 



INC 

HES 

MILLIN 

ETERS 

mn 


MIN 

MAX 

A 

1.230 

1.265 

31.25 

32.13 

B 

■ifcMil 



■ana 

wm 



■cIAl 


D 

0.015 

0.020 

0.38 

0.51 

E 


1.27 BSC 

F 

■irigfilglilgil 

■HiOIMiail 

MM 

0.100 BSC 

2.54 BSC 

J 

0.007 

0.012 

0.18 

0.30 

wm 

0.110 

0.140 

2.80 

3.55 

L 

0.300 BSC 

7.62 BSC 

KB 

0° 

15° 

0° 

15° 

N 

0.020 

0.040 

0.51 

1.01 





Case Outlines 


RRRRflfl 

RRHRRH 

24 





DW SUFFIX 

PLASTIC SOIC PACKAGE 
CASE 751E-04 
ISSUE E 


f P 12 PL 

I l^l 0.010(0.25)0 I B@| 


D 24 PL 

|^|o.010(0.25)® |t| A(D| B(D 





1J^ 


J L, 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14,5M, 1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DIMENSIONS A AND B DO NOT INCLUDE 
MOLD PROTRUSION. 

4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 
PER SIDE. 

5. DIMENSION D DOES NOT INCLUDE DAMBAR 
PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.13 (0.005) TOTAL IN 
EXCESS OF D DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 


DIM 

A 

MILLIMETERS 
MIN MAX 

15.25 15.54 

INCHES 

MIN MAX 

0.601 0.612 

B 

7.40 

7.60 

0.292 

0.299 

C 

2.35 

2.65 

0.093 

0.104 

D 

0.35 

0.49 

0.014 

0.019 

F 

0.41 

0.90 

0.016 

0.035 

G 

1.27 

BSC 

0.050 BSC 1 

J 

0.23 

0.32 

0.009 1 

0.013 

K 

0.13 

0.29 

0.005 1 

0.011 

M 

0° 

8“ 

0° 1 8M 

P 

10.05 

10.55 

0.395 

0.415 

R 

0.25 

0.75 

0.010 

0.029 


High-Speed CMOS Logic Data 
DL129 — Rev6 
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MOTOROLA 





MOTOROLA DISTRIBUTOR AND WORLDWIDE SALES OFFICES 

AUTHORIZED NORTH AMERICAN DISTRIBUTORS 


UNITED STATES 
ALABAMA 
Huntsville 

Arrow/Schweber Electronics (205)837-6955 

Future Electronics (205)830-2322 

Hamilton Hallmark (205)837-8700 

Newark (205)837-9091 

Time Electronics 1 -800-789-TIME 

Wyle Laboratories (205)830-1119 

ARIZONA 

Phoenix 

Future Electronics (602)968-7140 

Hamilton Hallmark (602)437-1200 

Newark Electronics (602)864-9905 

Wyle Laboratories (602)437-2088 

Tempe 

Arrow/Schweber Electronics (602)431-0030 

Time Electronics 1 -800-789-TIME 

CALIFORNIA 
Agoura Hills 

Time Electronics Corporate 1 -800-789-TIME 

Belmont 

Richardson Electronics (415)592-9225 

Calabassas 

Arrow/Schweber Electronics (818)880-9686 

Wyle Laboratories (818)880-9000 

Chatsworth 

Future Electronics (818)865-0040 

Time Electronics 1 -800-789-TIME 

Costa Mesa 

Hamilton Hallmark (714)641-4100 

Culver City 

Hamilton Hallmark (213)558-2000 

Irvine 

Arrow/Schweber Electronics ... (714)587-0404 

Future Electronics (714)250-4141 

Wyle Laboratories Corporate (714)753-9953 

Wyle Laboratories (714)863-9953 

Los Angeles 

Wyle Laboratories (818)880-9000 

Mountain View 

Richardson Electronics (415)960-6900 

Orange 

Newark (714)634-8224 

Rocklin 

Hamilton Hallmark (916)624-9781 

Sacramento 

Newark (916)721-1633 

Wyle Laboratories (916)638-5282 

San Diego 

Arrow/Schweber Electronics ... (619)565-4800 

Future Electronics (619)625-2800 

Hamilton Hallmark (619)571-7540 

Newark (619)569-9877 

Wyle Laboratories (619)565-9171 

San Francisco 

Newark (415)571-5300 

San Jose 

Arrow/Schweber Electronics (408)441-9700 

Arrow/Schweber Electronics (408)428-6400 

Future Electronics (408)434-1122 

Santa Clara 

Wyle Laboratories (408)727-2500 

Sunnyvale 

Hamilton Hallmark (408)435-3500 

Time Electronics 1 -800-789-TIME 

Torrance 

Time Electronics 1 -800-789-TIME 

Tustin 

Time Electronics 1 -800-789-TIME 

West Hills 

Newark (818)888-3718 


Woodland Hills 

Hamilton Hallmark 

. .. (818)594-0404 

Richardson Electronics 

... (615)594-5600 

COLORADO 

Lakewood 

Future Electronics 

... (303)232-2008 

Colorado Springs 

Newark 

... (719)592-9494 

Denver 

Newark 

... (303)757-3351 

Englewood 

Arrow/Schweber Electronics . 

... (303)799-0258 

Hamilton Hallmark 

. .. (303)790-1662 

Time Electronics 

.. 1 -800-789-TIME 

Thornton 

Wyle Laboratories 

... (303)457-9953 

CONNECTICUT 

Chesire 

Future Electronics 

... (203)250-0083 

Hamilton Hallmark 

... (203)271-2844 

Southbury 

Time Electronics 

.. 1 -800-789-TIME 

Wallingfort 

Arrow/Schweber Electronics . 

... (203)265-7741 

Windsor 

Newark 

... (203)683-8860 

FLORIDA 

Altamonte Springs 

Future Electronics 

... (407)767-8414 

Clearwater 

Future Electronics 

... (813)530-1222 

Deerfield Beach 

Arrow/Schweber Electronics . 

. .. (305)429-8200 

Wyle Laboratories 

... (305)420-0500 

Ft. Lauderdale 

Future Electronics 

. .. (305)436-4043 

Hamilton Hallmark 

... (305)484-5482 

Time Electronics 

.. 1 -800-789-TIME 

Lake Mary 

Arrow/Schweber Electronics . 

... (407)333-9300 

Largo/Tampa/St. Petersburg 

Hamilton Hallmark 

.. (813)541-7440 

Newark 

.. (813)287-1578 

Wyle Laboratories 

.. (813)576-3004 

Orlando 

Newark 

.. (407)896-8350 

Time Electronics 

. 1 -800-789-TIME 

Plantation 

Newark 

.. (305)424-4400 

Winter Park 

Hamilton Hallmark 

.. (407)657-3300 

Richardson Electronics 

.. (407)644-1453 

GEORGIA 

Atlanta 

Time Electronics 

. 1 -800-789-TIME 

Wyle Laboratories 

.. (404)441-9045 

Duluth 

Arrow/Schweber Electronics . 

.. (404)497-1300 

Hamilton Hallmark 

.. (404)623-5475 

Norcross 

Future Electronics 

.. (404)441-7676 

Newark 

.. (404)448-1300 

Wyle Laboratories 

.. (404)441-9045 

ILLINOIS 

Addison 

Wyle Laboratories 

. .. (708)620-0969 

Bensenville 

Hamiiton Hallmark 

... (708)860-7780 

Chicago 

Newark Electronics Corp. . . 

... (312)784-5100 

Hoffman Estates 

Future Electronics 

... (708)882-1255 


Itasca 

Arrow/Schweber Electronics . . . (708)250-0500 

LaFox 

Richardson Electronics (708)208-2401 

Schaumburg 

Newark (708)310-8980 

Time Electronics 1 -800-789-TIME 

INDIANA 

Indianapolis 

Arrow/Schweber Electronics (317)299-2071 

Hamilton Hallmark (317)872-8875 

Newark (317)259-0085 

Time Electronics 1 -800-789-TIME 

Ft. Wayne 

Newark (219)484-0766 

IOWA 

Cedar Rapids 

Newark (319)393-3800 

Time Electronics 1 -800-789-TIME 

KANSAS 

Lenexa 

Arrow/Schweber Electronics (913)541-9542 

Hamilton Hallmark (913)888-4747 

Overland Park 

Future Electronics (913)649-1531 

Newark (913)677-0727 

Time Electronics 1 -800-789-TIME 

MARYLAND 

Beltsville 

Newark (301)604-1700 

Columbia 

Arrow/Schweber Electronics — (301)596-7800 

Future Electronics (41 0)290-0600 

Hamilton Hallmark (410)988-9800 

Time Electronics 1 -800-789-TIME 

Wyle Laboratories (410)312-4844 

MASSACHUSETTS 

Boston 

Arrow/Schweber Electronics (617)271-9953 

Bolton 

Future Corporate (508)779-3000 

Burlington 

Wyle Laboratories (617)271-9953 

Methuen 

Newark (508)683-0913 

Norwell 

Richardson Electronics (617)871-5162 

Peabody 

Time Electronics 1 -800-789-TIME 

Hamiltion Hallmark (508)532-3701 

MICHIGAN 

Detroit 

Newark (313)967-0600 

Grand Rapids 

Future Electronics (616)698-6800 

Livonia 

Arrow/Schweber Electronics (313)462-2290 

Future Electronics (313)261-5270 

Hamilton Hallmark (313)347-4020 

Time Electronics 1 -800-789-TIME 

MINNESOTA 

Bloomington 

Wyle Laboratories (612)853-2280 

Eden Prairie 

Arrow/Schweber Electronics (612)941-5280 

Future Electronics (612)944-2200 

Hamilton Hallmark (612)881-2600 

Time Electronics 1 -800-789-TIME 

Minneapolis 

Newark (612)331-6350 

Earth City 

Hamilton Hallmark (314)291-5350 
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AUTHORIZED DISTRIBUTORS - continued 


UNITED STATES - continued 

MISSOURI 


St. Louis 


Arrow/Schweber Electronics . 

. .. (314)567-6888 

Future Electronics 

... (314)469-6805 

Newark 

. .. (314)298-2505 

Time Electronics 

.. 1 -800-789-TIME 

NEW JERSEY 


Cherry Hill 


Hamilton Hallmark 

.. (609)424-0100 

Fairfield 


Newark 

.. (201)882-0300 

Marlton 


Arrow/Schweber Electronics . 

.. (609)596-8000 

Future Electronics 

.. (609)596-4080 

Pinebrook 


Arrow/Schweber Electronics . 

.. (201)227-7880 

Wyle Laboratories 

.. (201)882-8358 

Parsippany 


Future Electronics 

.. (201)299-0400 

Hamilton Hallmark 

.. (201)515-1641 

Wayne 


Tme Electronics 

. . 1 -800-789-TIME 

NEW MEXICO 


Albuquerque 


Alliance Electronics 

. .. (505)292-3360 

Hamilton Hallmark 

. .. (505)828-1058 

Newark 

. .. (505)828-1878 

NEW YORK 


Commack 


Newark 

. .. (516)499-1216 

Hauppauge 


Arrow/Schweber Electronics . 

.. (516)231-1000 

Future Electronics 

.. (516)234-4000 

Hamilton Hallmark 

.. (516)434-7400 

Konkoma 


Hamilton Hallmark 

.. (516)737-0600 

Melville 


Wyle Laboratories 

.. (516)293-8446 

Pittsford 


Newark 

.. (716)381-4244 

Rochester 


Arrow/Schweber Electronics . 

.. (716)427-0300 

Future Electronics 

. . . (716)272-1120 

Hamilton Hallmark 

.. (716)475-9130 

Richardson Electronics .... 

. . . (716)264-1100 

Time Electronics 

. 1 -800-789-TIME 

Rockville Centre 


Richardson Electronics — 

.. (516)872-4400 

Syracuse 


Future Electronics 

.. (315)451-2371 

Time Electronics 

. 1 -800-789-TIME 

NORTH CAROLINA 


Charlotte 


Future Electronics 

. .. (704)455-9030 

Richardson Electronics 

. .. (704)548-9042 

Greensboro 


Newark 

. .. (919)292-7240 

Raleigh 


Arrow/Schweber Electronics . 

. .. (919)876-3132 

Future Electronics 

. ... (919)790-7111 

Hamilton Hallmark 

... (919)872-0712 

Time Electronics 

. . 1 -800-789-TIME 

OHIO 


Centerville 


Arrow/Schweber Electronics . 

.. (513)435-5563 

Cleveland 


Newark 

.. (216)391-9330 

Time Electronics 

. 1 -800-789-TIME 

Columbus 


Newark 

.. (614)431-0809 

Tme Electronics 

. 1 -800-789-TIME 

Dayton 


Future Electronics 

.. (513)426-0090 

Hamilton Hallmark 

.. (513)439-6735 

Newark 

.. (513)294-8980 

Tme Electronics 

. 1 -800-789-TIME 


Mayfield Heights 

Future Electronics (216)449-6996 

Solon 

Arrow/Schweber Electronics (216)248-3990 

Hamilton Hallmark (216)498-1100 

Worthington 

Hamilton Hallmark (614)888-3313 

OKLAHOMA 

Tulsa 

Hamilton Hallmark (918)254-6110 

Newark (918)252-5070 

OREGON 

Beaverton 

Arrow/Almac Electronics Corp. . . (503)629-8090 

Future Electronics (503)645-9454 

Hamilton Hallmark (503)528-6200 

Wyle Laboratories (503)643-7900 

Portland 

Newark (503)297-1984 

Time Electronics 1 -800-789-TIME 

PENNSYLVANIA 
King of Prussia 

Newark (215)265-0933 

ML Laurel 

Wyle Laboratories (609)439-9110 

Montgomeryville 

Richardson Electronics (215)628-0805 

Philadelphia 

Time Electronics 1 -800-789-TIME 

Wyle Laboratories (609)439-9110 

Pittsburgh 

Arrow/Schweber Electronics (412)963-6807 

Newark (412)788-4790 

Time Electronics 1 -800-789-TIME 

TENNESSEE 

Franklin 

Richardson Electronics (615)791-4900 

Knoxville 

Newark (615)588-6493 


TEXAS 

Austin 

Arrow/Schweber Electronics (512)835-4180 

Future Electronics (512)502-0991 

Hamilton Hallmark (512)258-8818 

Newark (512)338-0287 

Time Electronics 1 -800-789-TIME 

Wyle Laboratories (512)345-8853 

Carollton 

Arrow/Schweber Electronics (214)380-6464 

Dallas 

Future Electronics (214)437-2437 

Hamilton Hallmark (214)553-4300 

Richardson Electronics (214)239-3680 

Time Electronics 1-800-789-TlME 

Wyle Laboratories (214)235-9953 

Ft. Worth 

Allied Electronics (817)336-5401 

Houston 

Arrow/Schweber Electronics (713)530-4700 

Future Electronics (713)785-1155 

Hamilton Hallmark (713)781-6100 

Newark (713)270-4800 

Time Electronics 1 -800-789-TIME 

Wyle Laboratories (713)879-9953 

Richardson 

Newark (214)235-1998 


UTAH 

Salt Lake City 

Arrow/Schweber Electronics (801)973-6913 

Future Electronics (801)467-4448 

Hamilton Hallmark (801)266-2022 

Newark (801)261-5660 

Wyle Laboratories (801)974-9953 

West Valley City 

Time Electronics 1 -800-789-TIME 

Wyle Laboratories (801)974-9953 


WASHINGTON 


Bellevue 


Almac Electronics Corp 

. (206)643-9992 

Newark 

. (206)641-9800 

Richardson Electronics 

. (206)646-7224 

Bothell 


Future Electronics 

. (206)489-3400 

Redmond 


Hamilton Hallmark 

. (206)881-6697 

Time Electronics 

1 -800-789-TIME 

Wyle Laboratories 

.. (206)881-1150 

Seattle 


Wyle Laboratories 

. . (206)881-1150 

Spokane 


Arrow/Almac Electronics Corp. 

. (509)924-9500 

WISCONSIN 


Brookfield 


Arrow/Schweber Electronics . . 

. (414)792-0150 

Future Electronics 

. (414)879-0244 

Milwaukee 


Time Electronics 

1 -800-789-TIME 

New Berlin 


Hamilton Hallmark 

. (414)780-7200 

Wauwatosa 


Newark 

. (414)453-9100 

Waukesha 


Wyle Laboratories 

. (414)879-0434 

CANADA 


ALBERTA 


Calgary 


Electro Sonic Inc 

(403)255-9550 

Future Electronics 

. (403)250-5550 

Hamilton/Hallmark 

. (800)663-5500 

Edmonton 


Future Electronics 

. (403)438-2858 

Hamilton/Hallmark 

. (800)663-5500 

Saskatchewan 


Hamilton/Hallmark 

. (800)663-5500 

BRITISH COLUMBIA 


Vancouver 


Arrow Electronics 

. . (604)421-2333 

Electro Sonic Inc 

. . . (604)273-2911 

Future Electronics 

. . . (604)294-1166 

Hamilton/Hallmark 

. . (604)420-4101 

MANITOBA 


Winnipeg 


Electro Sonic Inc 

. (204)783-3105 

Future Electronics 

. . (204)944-1446 

Hamilton/Hallmark 

. . (800)663-5500 

ONTARIO 


Ottawa 


Arrow Electronics 

. (613)226-6903 

Electro Sonic Inc 

. (613)728-8333 

Future Electronics 

. (613)820-8313 

Hamilton/Hallmark 

. (613)226-1700 

Toronto 


Arrow Electronics 

. (905)670-7769 

Electro Sonic Inc 

. (416)494-1666 

Future Electronics 

. (905)612-9200 

Hamilton Hallmark 

. (905)564-6060 

Newark 

. (519)685-4280 


(905)670-2888 


(800)463-9275 

Richardson Electronics 

. . (905)795-6300 

FAI 

. . (905)612-9888 

QUEBEC 


Montreal 


Arrow Electronics 

. . (514)421-7411 

Future Electronics 

. (514)694-7710 

Hamilton Hallmark 

. (514)335-1000 

Newark 

. (800)463-9275 

Richardson Electronics 

. (514)748-1770 

Quebec City 


Future Electronics 

. . (418)877-6666 
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SALES OFFICES 


UNITED STATES 

ALABAMA, Huntsville (205)464-6800 

ALASKA, (800)635-8291 

ARIZONA, Tempe (602)302-8056 

CALIFORNIA, Agoura Hills . . . (818)706-1929 
CALIFORNIA, Los Angeles . . (310)417-8848 

CALIFORNIA, Irvine (714)753-7360 

CALIFORNIA, San Diego .... (619)541-2163 

CALIFORNIA, Sunnyvale (408)749-0510 

COLORADO, 

Colorado Springs (719)599-7497 

COLORADO, Denver (303)337-3434 

CONNECTICUT, 

Wallingford (203)949-4100 

FLORIDA, Maitland (407)628-2636 

FLORIDA, Pompano Beach/ 

Ft. Lauderdale (305)351-6040 

FLORIDA, Clearwater (813)538-7750 

GEORGIA, Atlanta (404)729-7100 

IDAHO, Boise (208)323-9413 

ILLINOIS, Chicago/ 

Hoffman Estates (708)413-2500 

Shaumburg (708)413-2500 

INDIANA, Fort Wayne (21 9)436-581 8 

INDIANA, Indianapolis (317)571-0400 

INDIANA, Kokomo (317)455-5100 

IOWA, Cedar Rapids (31 9)378-0383 

KANSAS, Kansas City/ 

Mission (913)451-8555 

MARYLAND, Columbia (410)381-1570 

MASSACHUSETTS, 

Marlborough (508)481-8100 

MASSACHUSETTS, 

Woburn (617)932-9700 

MICHIGAN, Detroit (313)347-6800 

MINNESOTA, Minnetonka .... (612)932-1500 

MISSOURI, St. Louis (314)275-7380 

NEW JERSEY, Fairfield (201)808-2400 

NEW YORK, Fairport (716)425-4000 

NEW YORK, Hauppauge .... (516)361-7000 

NEW YORK, Fishkill (914)896-0511 

NORTH CAROLINA, 

Raleigh (919)870-4355 

OHIO, Cleveland (216)349-3100 

OHIO, Columbus/ 

Worthington (614)431-8492 

OHIO, Dayton (513)495-6800 


OKLAHOMA, Tulsa (800)544-9496 

OREGON, Portland (503)641-3681 

PENNSYLVANIA, Colmar .... (215)997-1020 

Philadelphia/Horsham (215)957-4100 

TENNESSEE, Knoxville (615)690-5593 

TEXAS, Austin (512)502-2100 

TEXAS, Houston (800)343-2692 

TEXAS, Plano (214)516-5100 

TEXAS, Seguin (210)372-7620 

VIRGINIA, Richmond (804)285-2100 

UTAH, CSI @ (801)561-5099 

WASHINGTON, Bellevue .... (206)454-4160 

Seattle Access (206)622-9960 

WISCONSIN, Milwaukee/ 

Brookfield (414)792-0122 


Field Applications Engineering Available 


Through All Sales Offices 

CANADA 

BRITISH COLUMBIA, 

Vancouver (604)293-7650 

ONTARIO, Toronto (416)497-8181 

ONTARIO, Ottawa (613)226-3491 

QUEBEC, Montreal (514)333-3300 

INTERNATIONAL 

AUSTRALIA, Melbourne . . . (61-3)887-0711 

AUSTRALIA, Sydney 61(2)906-3855 

BRAZIL, Sao Paulo 55(11 )81 5-4200 

CHINA, Beijing 86-505-2180 

FINLAND, Helsinki 358-0-351 61191 

earphone 358(49)211501 

FRANCE, Paris 33134 635900 

GERMANY, Langenhagen/ 

Hannover 49(511)786880 

GERMANY, Munich 49 89 92103-0 

GERMANY, Nuremberg .... 49 911 96-3190 
GERMANY, Sindelfingen .... 49 7031 79 710 
GERMANY, Wiesbaden .... 49 611 973050 
HONG KONG, Kwai Fong .... 852-6106888 

Tai Po 852-6668333 

INDIA, Bangalore (91-812)627094 

ISRAEL, Herziia 972-9-590222 

ITALY, Milan 39(2)82201 

JAPAN, Atsugi 81-462-23-0761 

JAPAN, Gotanda 81-3-5487-8448 

JAPAN, Kumagaya 81-485-26-2600 


JAPAN, Kyushu 81-92-771-4212 

JAPAN, Nagoya 81-52-232-1621 

JAPAN, Osaka 81-06-305-1801 

JAPAN, Sendai 81-22-268-4333 

JAPAN, Tachikawa 81-425-23-6700 

JAPAN, Takamatsu 81-878-37-9972 

JAPAN, Tokyo 81-3-3440-3341 

JAPAN, Yokohama 81-45-472-2751 

KOREA, Pusan 82(51)4635-035 

KOREA, Seoul 82(2)554-5118 

MALAYSIA, Penang 60(4)374514 

MEXICO, Mexico City 52(5)282-0230 

MEXICO, Guadalajara 52(36)21-8977 

Marketing 52(36)21-2023 

Customer Service 52(36)669-9160 

NETHERLANDS, Best .... (31)4998 612 11 
PUERTO RICO, San Juan . . . (809)793-2170 

SINGAPORE (65)4818188 

SPAIN, Madrid 34(1)457-8204 

or 34(1)457-8254 

SWEDEN, Solna 46(8)734-8800 

SWITZERLAND, Geneva .. 41(22)799 11 11 

SWITZERLAND, Zurich 41(1)730-4074 

TAIWAN, Taipei 886(2)717-7089 

THAILAND, Bangkok 66(2)254-4910 

UNITED KINGDOM, 

Aylesbury 44(296)395-252 

FULL LINE REPRESENTATIVES 
CALIFORNIA, Loomis 
Galena Technology Group . . . (916)652-0268 
NEVADA, Reno 

Galena Tech. Group (702)746-0642 

NEW MEXICO, Albuquerque 

S&S Technologies, Inc (505)298-7177 

UTAH, Salt Lake City 

Utah Comp. Sales, Inc (801 )561 -5099 

WASHINGTON, Spokane 
Doug Kenley (509)924-2322 

HYBRID/MCM COMPONENT 
SUPPLIERS 

Chip Supply (407)298-7100 

Elmo Semiconductor (818)768-7400 

Minco Technology Labs Inc. . . (512)834-2022 
Semi Dice Inc (310)594-4631 
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